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SUMMARY

Single doses of 1,3-bis(2-chloroethyl)-l-nitrosourea and
l-(2-chloroethyl)-3-(frans-4-methylcyclohexyl)-l-nitroso-
urea caused transient inhibition of the incorporation of thy-
midine-3H into the acid-insoluble material of the liver,
spleen, lungs, kidneys, and brains of normal and plasmacy-
toma-bearing hamsters and greater and longer lasting inhi
bitions of such incorporation into the acid-insoluble material
of the tumors. In normal mice and mice bearing s.c.-im-
planted Lewis lung carcinoma, l-(2-chloroethyl)-3-cyclo-
hexyl-1-nitrosourea and l-(2-chloroethyl)-3-(/raÂ«s-4-
methylcyclohexyl)-l-nitrosourea caused transient inhibition
of the incorporation of thymidine-3H by the lung and spleen,
while there was little or no inhibition of such incorporation
by the liver, kidney, and brain; inhibition of incorporation by
the tumor was greater than that for the host tissues, and it
endured throughout the period of the experiment. The
observed greater inhibition by l-(2-chloroethyl)-3-(/raÂ«j-4-
methylcyclohexyl)-l-nitrosourea is consistent with its re
ported greater therapeutic activity against the Lewis tumor.

It is concluded that these agents damage some host
tissues and the solid tumors but the host tissues recover
from the damage more readily. It is not known whether the
host tissues recover by repair within the damaged cells or by
shedding or lysing the damaged cells and repopulating the
tissues with healthy cells.

INTRODUCTION

The reasons for the preferential toxicity of nitrosoureas
for neoplastic tissues with a resulting therapeutic effect are
not presently known. Among the possible reasons are: the
agent might be present in higher concentrations in the
neoplastic tissue than in the host tissues; the agent might be
present at approximately equal concentrations in neoplastic
and host tissues, but because of detoxification in situ or
other biochemical mechanisms the agent does not damage
the host tissues; the agent might damage both the neoplastic
tissue and the host tissues, but the host tissues have greater
capacities for recovering from the damage. In evaluating
these possible reasons one can determine the distribution of
radioactivity derived from the labeled nitrosoureas among
the host tissues and tumors of tumor-bearing animals and,

assuming that inhibition of the synthesizing of DNA is
indicative of damage to a tissue, one can determine the
time-related effects of the agents upon the incorporation of
labeled thymidine by the host tissues and the tumors.

Experiments related to the 1st possible reason mentioned
above in which radioactive agents were administered to
animals have shown that 14C of the agents was generally

distributed among a number of tissues of normal animals
and among several host tissues and the tumors in tumor-
bearing animals. In those experiments 1-methyl-l-
nitrosourea-methyl-14C was administered to normal rats
(7); BCNU-2-chloroethyl-14C2 was administered to normal

mice (1, 16) and monkeys (1) and to hamsters bearing
s.c.-transplanted plasmacytomas (16); BCNU-carbonyl-14C
was administered to normal mice (16); and CCNU-2-
chloroethyl-14C, CCNU-carbonyl-14C, and CCNU-
cyclohexyl-14C were administered to normal mice and
monkeys (11). Although there were somewhat different
quantities of 14Cpresent in the various tissues, in the one
study with tumor-bearing animals (16), namely, plas-
macytoma-bearing hamsters, the concentration of 14Cin the
tumors differed very little from the concentrations in liver,
kidney, lung, spleen, heart, and brain. In all of these
experiments only the total quantity of 14Cper unit weight of
unwashed tissue was determined, and no radioactive com
pound was identified. Therefore, it is not known whether the
14Cwas or was not present in the same molecular forms in
the various tissues, and it is not even known to what extents
the 14Cwas associated with acid-soluble and acid-insoluble
materials. Although the results are consistent with the
possibility that the potentially therapeutically active forms
of the compounds reach all of the tissues examined, this
possibility was not established as a fact.

Previous experiments related to the 2nd and 3rd reasons
mentioned above indicated that cyclophosphamide caused
decreases in the ability of both the host tissues and
plasmacytoma in hamsters to incorporate thymidine-3H
into acid-insoluble material, but the host tissues, in contrast
to the tumor, soon regained the ability for such incorpora
tion; a cyclophosphamide-resistant subline of the tumor also
soon regained the ability to incorporate thymidine-3H into
the acid-insoluble material (15). The purpose of the present
study was to determine whether nitrosoureas cause effects
similar to those of cyclophosphamide in hamsters bearing
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plasmacytomas and to perform similar experiments with
nitrosoureas and mice bearing Lewis lung carcinoma. Other
investigators have performed similar experiments with
normal mice (6) and with mice bearing other neoplasms (9,
12, 13, 17), and their results are discussed below.

MATERIALS AND METHODS

The nitrosoureas (BCNU, CCNU, and MeCCNU) were
obtained from the Drug Procurement Branch, Division of
Cancer Treatment, National Cancer Institute, N IH, Be-
thesda, Md. Thymidine-methyl-3H (6.7 Ci/mmole) was

obtained from New England Nuclear, Boston, Mass., and
diluted to a specific activity of 0.0775 Ci/mmole with
nonradioactive thymidine.

Adult golden hamsters (A.R.S./Sprague-Dawley, Madi
son, Wis.) received s.c. implants of Fortner plasmacytoma 1
(4), and 10 days later they received single i.p. injections of
BCNU (15 mg/kg) or MeCCNU (40 mg/kg). These
compounds at the same dosage levels were also adminis
tered to non-tumor-bearing hamsters. At various times
following the administration of the drugs the animals were
given single i.p. injections of thymidine-methyl-3H at a level

of 2 ÃÃCi/gbody weight, and the animals were killed by
carbon dioxide asphyxiation 2 hr later.

Normal male B6D2F, mice (C57B1/6 x DBA/2) ob
tained from Charles Rivers Breeding Laboratory, Cam
bridge, Mass., and Laboratory Supply Company, India
napolis, Ind., and B6D2P! mice bearing 7-day-old s.c.
Lewis lung carcinoma were given single i.p. injections of
CCNU (57 mg/kg) or MeCCNU (36 mg/kg). At various
times thereafter, the mice received single i.p. injections of
thymidine-methyl-3H at a dosage level of 1 /iCi/g body
weight, and the mice were killed 2 hr later.

The livers, spleens, kidneys, lungs, brains, and tumors of
3 hamsters or 5 mice were combined, and the tissues were
homogenized with 5 volumes of cold 5% trichloroacetic acid
and washed successively 1 time with cold 5% trichloroacetic
acid, 2 times with water, 3 times with absolute ethyl alcohol,
and 2 times with ether. After the washed material had dried
at room conditions for 24 to 48 hr, it was pulverized by
grinding with mortar and pestle and desiccated over calcium
sulfate in a vacuum desiccator for at least 24 hr before
weighing samples for radioassay and for assays for DNA.

Triplicate samples (3 to 5 mg) of the dried acid-insoluble,
lipid-free materials were solubilized by incubation overnight
with 1.0 ml Soluene-100 (Packard Instrument Company,
Downers Grove, 111.).After addition of 14 ml of a toluene-
based scintillator, samples were assayed in a Packard
Model 3315 liquid scintillation spectrometer.

Other weighed samples were assayed for DNA by a
published procedure (14).

RESULTS

In a study involving experiments such as those described
here, one must exercise care in selecting the method of
reporting and comparing the data. The problem involves

primarily a choice of the basic control values for use in
making comparisons for evaluating the effects of treatment.
Because the tumors in the untreated animals grow at
changing rates during the period (up to 168 hr) of the
experiments, the rates of utilization of exogenous thymi-
dine-3H also change. Since the tumors in the treated
animals grow for 1 or 2 days following the treatment and
then regress in size, these tumors are not subject to the
growth rate controls that function in untreated tumors, and
therefore direct comparison of the utilization of thymidine-
3H by a treated tumor to that of an untreated tumor at the

same specified posttreatment time can be misleading. For
example, a large untreated tumor that has reached the
plateau stage of growth might incorporate less thymidine-
3H into the acid-insoluble material than a small treated

tumor that has regressed in size but is still capable of
synthesizing DNA at a reduced rate. Similarly, the meta
bolic activities of various tissues of tumor-bearing animals
might be altered by the presence of the tumors, perhaps
because of induced hyperplasia or of metastasis of signifi
cant quantities of tumor cells into the organs, and the
magnitude of these alterations may vary with time after
implantation of the tumor. Consideration of these compli
cated interrelationships led to the decision to use the
thymidine-3H-fixing capacities of the particular normal
tissues of non-tumor-bearing animals as the values of
reference for the particular nontumorous tissues in all of the
experiments and to use the thymidine-3H-fixing capacities
of tumors of untreated animals at the time of initiating the
experiment as the reference values for the tumors of treated
animals.

Since it was possible that the agents might cause changes
in the cellularity of the tissues and in the macromolecular
composition of the acid-insoluble material and hence invali
date comparison of the specific activities of the acid-insolu
ble material, the DNA contents of the samples were
determined in several experiments, and the radioactivities
were calculated on the basis of pCi//ug of DNA instead of
pCi/mg of acid-insoluble material. These values led to the
same conclusions. Therefore in the other experiments DNA
contents were not determined, and the radioactivities were
expressed simply as pCi/mg of acid-insoluble material.

Experiments with Hamsters. Chart \A shows the growth
curves for plasmacytomas in untreated hamsters and in
hamsters receiving single doses of BCNU (15 mg/kg) or
MeCCNU (40 mg/kg); 0 hr is on the 10th postimplantation
day. The untreated tumors reached plateau phase of growth
by 72 to 96 hr. The treated tumors continued to grow for 16
to 24 hr following treatment and then began to regress in
size.

The curves of Chart \B show that both BCNU and
MeCCNU caused large decreases of thymidine-3H incorpo
ration by the tumors and that these decreases lasted
throughout the period of the experiments. The effects of
MeCCNU were somewhat greater than those of BCNU.

Table 1 contains data that show the effects of BCNU and
of MeCCNU at the above indicated dosages upon the
fixation of thymidine-3H by several tissues of non-tumor-
bearing animals. The values for the standard deviations that
are listed in the last column show that the values determined
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for the tissues of 6 groups of animals fell within rather broad
ranges, but, even so, it is believed that the experiments
yielded meaningful information. In order to facilitate
interpretation of these data, the results are presented
graphically in a different manner in Chart 2. The differences
of the specific activities (presented in Table 1 as percentage
of the mean values for untreated control animals) from the
mean specific activities of the tissues of the untreated
control animals (100%) were divided by the standard
deviations for the respective tissues, and the quotients were
plotted versus the time after treatment. The resulting curves
show whether the values are less than or greater than the
reference values, and the values on the ordinales serve as
guides to indicate the statistical significance of the differ
ences. Therefore, in a single graph it is possible to show the
relative effects of the agents upon the incorporation of
thymidine-3H into the various tissues, although the absolute
specific activities of the various tissues may differ greatly.
This graphic method is used to present the data of the other
experiments described in this report.

50 100 Â¡55

HOURS AFTER TREATMENT

Inhibition of Synthesis of DNA by Nitrosoureas

Chart 2 shows that the effects of BCNU and of MeC-
CNU are similar, but MeCCNU caused somewhat more
inhibition than BCNU. For the liver, kidney, and brain,
during the 1st 24 hr following administration of the agents
the quantities of incorporated thymidine-3H were lower

than the mean values for the controls by differences greater
than 1S.D. but less than twice the standard deviation. After
48 hr the values differed from the mean of the control by less
than 1 S.D. All of the values for the lungs of the treated
animals were less than the mean values for the lungs of the
untreated animal, and during the 1st 24 hr the difference
was approximately equal to 1 S.D.; at later times the
differences were less. For the spleen and the marrow the
inhibition was greater than for the other tissues, and at 8 to
16 hr the quantities of incorporated thymidine-3H differed
from those of the control animals by approximately 3 S.D.;
at later times the quantities were approximately equal to or
greater than those for the tissues of the control animals.
These data indicate that BCNU and MeCCNU cause
transient inhibition of thymidine-3H incorporation by these

Chart 1. A, effects of single doses of BCNU
and of MeCCNU upon the growth of plas-

macytomas in hamsters. Zero time corresponds to
the 10th day after implantation of the tumor and
the time when the drugs were administered. B,
effects of single doses of BCNU and of MeCCNU
upon the incorporation of thymidine-3H into the

lipid-free, acid-insoluble material of hamster plas-

macytomas. Zero time corresponds to the 10th
day after implantation. The specific radioactivi
ties are expressed as percentage of the specific
activity for tumors of untreated animals at zero
time. The data are for the treated tumors for
which the growth data are given in A.

50 100
HOURS AFTER TREATMENT

Table I
Effects of BCNU and of MeCCNU upon the incorporation of thymidine-3 H into tissues of normal hamsters

Non-tumor-bearing hamsters received single i.p. injections of thymidine-3H and were killed 2 hr later. The acid-insoluble

fractions of the indicated tissues were prepared and assayed for radioactivity. The mean specific activity and the standard deviations
from the mean were determined for the data of 6 experiments, and the standard deviations as percentage of the means are shown in
the last column. Other groups of animals received single i.p. injections of BCNU or MeCCNU, and at designated times thereafter
they received i.p. injections of thymidine-3H. The animals were killed 2 hr later, and the acid-insoluble fractions were prepared and

assayed for radioactivity. The specific activities are presented in the table as percentage of the mean specific radioactivity for the
fractions from untreated normal animals.

Specific radioactivity (% of the mean value for untreated normal animals)
at following times after treatment

Ohr 2hr 4hr 8 hr 16hr 24hr 48hr 96hr 120hr 168 hr

S.D. for untreated
normal animals

(% of mean)

Animals treated with BCNU

Liver
Spleen
Kidney
Lung
Brain
Marrow

59
148
31
36
33
67

63
69
34
46
39
64

56
40
36
47
43
57

56
33
59
42

100
40

77
41
53
60
72
61

70
63
55
48
58
60

76
68
74
61
69
90

99
70
97
53
45

106

114
86

135
91
83

119

105
99

136
60
85
92

29
13
49
77
36
19

Animals treated with MeCCNU

LiverSpleenKidneyLungBrainMarrow61102394378114635237614510648413225477963424358615647152415271687243848554452696147589082897238971236859100401321347376172539499291349773619

AUGUST 1974 1959

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2392964/cr0340081957.pdf by guest on 19 M

ay 2023



G. P. Wheeler and J. A. Alexander

Chart 2. Effects of single doses of BCNU
(A) and of MeCCNU (B) upon the incorpora
tion of thymidine-3 H into the lipid-free, acid-
insoluble material of tissues of non-tumor-
bearing hamsters. Zero time corresponds to
the time at which the drug was administered.
The differences between the specific activities
for the tissues of treated animals and the mean
specific activities of the tissues of untreated,
non-tumor-bearing animals are expressed as
multiples of the standard deviations from the
mean values for the untreated animals. M,
marrow; Li, liver; K, kidney; Lu, lung; Br,
brain; Sp, spleen.

50 100 150

HOURS AFTER TREATMENT

50 100 ISO

HOURS AFTER TREATMENT

tissues, and the inhibition is greater for the spleen and the
marrow than for the other tissues.

Chart 3 compares the extents of incorporation of thymi-
dine-3H by tissues of untreated plasmacytoma-bearing
hamsters and of untreated normal hamsters. The curves
show that at 0 hr (which was on the 10th day after s.c.
implantation of the plasmacytomas), the quantities of thy-
midine-3H incorporated by the tissues of the tumor-bearing

animals did not differ significantly from the quantities
incorporated by the tissues of non-tumor-bearing animals.
During the next 4 days the spleens, kidneys, and livers of the
tumor-bearing animals incorporated much more thymidine-
3H than the corresponding tissues of the untreated non-
tumor-bearing animals. This period corresponds to the
period of growth of the tumors (see Chart 1/1). The reasons
for this stimulation are not known, but it is known (5) that
extensive metastasis of this tumor to other tissues, particu
larly the kidneys, occurs. The decreased fixation of 3H at
168 hr may be due to the lack of growth of the tumors after
96 hr. The presence of the tumors had no significant effect
upon the fixation of 3H by the lungs and the brains.

Chart 4 shows the effects of BCNU and of MeCCNU
upon the incorporation of thymidine-3H by -tissues of
tumor-bearing hamsters. In comparison with the effects
upon the incorporation by tissues of non-tumor-bearing
animals BCNU caused a significant decrease only for the
spleen and this decrease was not observed at 24 hr and later.
The values for the liver and kidney for times 20 to 96 hr are
considerably lower than those for these tissues in untreated,
tumor-bearing animals (Chart 3), which suggests that the
agent has partially overcome the stimulatory effect (hu
moral or metastatic) of the tumor upon these host tissues.
The effects of MeCCNU were much greater than those of
BCNU. Significant inhibition occurred with each of the
tissues immediately upon administration of the agent and
was still evident for at least 72 hr. These data indicate that
MeCCNU probably interfered not only with the stimula
tory effects of the tumor upon the host tissues but also with
the metabolic activity normally associated with these tis
sues.

Experiments with Mice. Chart 5A shows the effects of
single 10% lethal doses of CCNU (57 mg/kg) or MeCCNU

+20â€¢¿�

50 100
HOURS AFTER TREATMENT

Chart 3. Incorporation of thymidine-'H into the lipid-free, acid-insolu

ble material of tissues of hamsters bearing plasmacytomas. Zero time
corresponds to the 10th day after implantation of the tumors. The
differences between the specific activities for the tissues of the tumor-bear
ing animals and the mean specific activities of the tissues of untreated,
non-tumor-bearing animals are expressed as multiples of the standard
deviation from the mean values for the untreated, non-tumor-bearing
animals. Sp, spleen; K, kidney; Li, liver; Lu, lung: Br, brain.

(36 mg/kg) upon the growth of the s.c.-implanted Lewis
lung carcinoma; 0 hr corresponds to the time when the
placebo or the drug was administered on the 7th post-
implant day. The data show that the 2 agents caused
cessation of increase in tumor weight by 24 hr with
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subsequent decrease in tumor weight. MeCCNU had a
greater effect than CCNU.

Chart 5B shows that both CCNU and MeCCNU caused
increases in the incorporation of thymidine-3H into the
Lewis tumors during the 1st 4 hr following the administra
tion of the agents, but there was much inhibition of
incorporation during the interval 16 to 168 hr following the
administration. The inhibitory effects of MeCCNU were
greater than those of CCNU, which is consistent with the
greater reported therapeutic effect of MeCCNU against the
Lewis tumor (8).

When CCNU (Chart 6/4) or MeCCNU (Chart 6B) was
administered to normal mice, the incorporation of thymi-
dine-3H by the spleens was reduced to values differing from
the mean value for untreated normal animals by approxi
mately 3 times the standard deviation. The values for the
lungs and brains differed from the normal by slightly less
than 2 S.D., while those for the livers and kidneys differed
by less than 1 S.D. By 96 hr after the administration of the
agents all of the tissues incorporated as much thymidine-3H

as the tissues of the untreated mice, or more.
The curves of Chart 7 show that the presence of the tumor

caused increased fixation of thymidine-3H by all of the host
tissues examined. It is interesting that, although this tumor

metastasizes primarily to the lungs, the increases for the
other tissues were as great as, or greater than, that for the
lungs. When CCNU (Chart 8/1) or MeCCNU (Chart 8ÃŸ)
was administered to the tumor-bearing mice, the effects
upon thymidine-3H fixation were similar to those for
non-tumor-bearing animals (Chart 6, A and B); the de
creases were greatest for the spleens (approximately 2 S.D.),
intermediate for lung and brain (approximately 1S.D.), and
very small or absent for liver and kidney. All of the tissues
had recovered the normal capacity for incorporating the
labeled substrate by 48 to 96 hr following the administration
of the agents.

DISCUSSION

The data of the experiments with normal hamsters and
with hamsters bearing plasmacytomas indicate that BCNU
and MeCCNU caused transient inhibition of the incorpora
tion of thymidine-3H by the livers, spleens, kidneys, lungs,

and brains and caused longer lasting (at least 168 hr)
inhibition of such incorporation by the tumors. Similar data
for mice bearing Lewis lung carcinoma showed that CCNU
and MeCCNU caused transient inhibition of the fixation of

50 100 150

HOURS AFTER TREATMENT
50 100 150

HOURS AFTER TREATMENT

200r

50 100 150

HOURS AFTER TREATMENT

50 100 60

HOURS AFTER TREATMENT

Chart 4. Effects of single doses of BCNU
(A) and of MeCCNU (B) upon the incorpora
tion of thymidine-3H into the lipid-free, acid-
insoluble material of tissues of plasmacy toma-
bearing hamsters. Zero time corresponds to
the 10th day after implantation of the tumors
and the time at which the drugs were adminis
tered. The differences between the specific
activities for the tissues of treated, tumor-
bearing hamsters and the mean specific activi
ties of the tissues of untreated, non-tumor-
bearing animals are expressed as multiples of
the standard deviations from the mean values
for the untreated, non-tumor-bearing animals.
Sp, spleen: Li, liver; K, kidney; Br, brain; Lu,
lung.

Chart 5. A, effects of single doses of CCNU
and of MeCCNU upon the growth of Lewis
lung carcinoma in mice at various times after
treatment. Zero time corresponds to the 7th day
after implantation of the tumors and the time
when drugs were administered. B, effects of
single doses of CCNU and of MeCCNU upon
the incorporation of thymidine-3H into the
lipid-free, acid-insoluble material of Lewis lung
carcinomas. Zero time corresponds to the 7th
day after implantation of the tumors and the
time when the drugs were administered. The
specific radioactivities are expressed as percent
age of the specific activities for tumors of
untreated animals at zero time. The data are for
the treated tumors for which the growth data are
given in A.
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Chart 6. Effects of single doses of CCNU
(A) and of MeCCNU (B) upon the incorpora
tion of thymidine-3H into the lipid-free, acid-
insoluble material of tissues of non-tumor-
bearing mice. Zero time corresponds to the
time at which the drug was administered. The
differences between the specific activities for
the tissues of treated animals and the mean
specific activities of the tissues of untreated,
non-tumor-bearing animals are expressed as
multiples of the standard deviations from the
mean values for the untreated animals. \/'.
spleen; K, kidney; Br, brain; Li, liver; Lu,
lung.

50 100

HOURS AFTER TREATMENT

0 50
HOURS AFTER

50 100

HOURS AFTER TREATMENT

Chart 7. Incorporation of thymidine-3H into the lipid-free, acid-insolu

ble material of tissues of mice bearing Lewis lung carcinomas. Zero time
corresponds to the 7th day after implantation of the tumors. The
differences between the specific activities for the tissues of the tumor-bear
ing animals and the mean specific activities of the tissues of untreated,
non-tumor-bearing animals are expressed as multiples of the standard
deviation from the mean values for the untreated, non-tumor-bearing

'animals. Sp, spleen; K, kidney; Lu, lung; Li, liver; Br, brain.

thymidine-3H by the lung and spleen, while there was little
or no inhibition of fixation by the liver, kidney, and brain;
fixation by this tumor was also inhibited more than that by
the host tissues, and this inhibition endured throughout the
period of the experiments. The greater inhibition by the
MeCCNU is consistent with its reported greater therapeutic
activity against the Lewis tumor (8). These data indicate
that in both of these experimental systems the nitrosoureas
inhibit some host tissues in addition to the solid tumors, but
these host tissues recover more rapidly than the tumors.

Results similar to those reported here have been reported
by others for other neoplasms and selected host tissues.
Mizuno and Humphrey (9) observed that BCNU caused
transient inhibition of the incorporation of thymidine-3H
into the DNA of the bone marrow, spleen, and lymph node
of mice bearing ascitic L1210 leukemia or s.c. Sarcoma 180,
but the inhibition lasted much longer for the neoplasms.
Rosenoff et ai. (12) also observed that BCNU caused a
longer enduring inhibition of incorporation of thymidine-3H
by ascitic L1210 cells than by host bone marrow and
intestinal mucosa, and Young and Goldberg (17) obtained
similar results from MeCCNU. Schein et al. (13) found that
CCNU caused a greater and longer lasting inhibition of
incorporation of thymidine-3H by ascitic L1210 leukemia

than by the duodenal mucosa and the bone marrow of the
host and that 3-(tetraacetylglucopyranos-2-yl)-l-(2-chloro-
ethyl)-l-nitrosourea caused effects similar to those caused
by CCNU for L1210 cells and duodenal mucosa, but
3-(tet raacetylglucopy ranos-2-yl)-l-(2-chloroethyl)-l-nitro-
sourea did not inhibit the incorporation by the bone marrow.
Since all of these investigators were primarily interested in
demonstrating and measuring the differential effects of the
agents upon the neoplasms and the selected host tissues for
purposes of designing therapeutic regimens, they did not
examine the effects of the agents upon the incorporation of
thymidine-3H by the tissues of non-tumor-bearing animals.

In order to understand the differential effects upon the
neoplasms and the tissues of the host, it is necessary to
consider whether the host tissues are responding similarly to
the analogous tissues of non-tumor-bearing animals or
whether the observed responses are dependent upon "tu
mor-induced" properties of the host tissues. These "tumor-
induced" properties might result from humoral effects or

from tumor cells that have metastasized to the respective
tissues. Morgan and Cameron (10) have recently reported
that a fast-growing hepatoma in mice caused increases in
DNA synthesis and DNA content in the spleen, the liver,
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Inhibition of Synthesis of DNA by Nitrosoureas

50 100 150

HOURS AFTER TREATMENT

50 .00 BO

HOURS AFTER TREATMENT

Chart 8. Effects of single doses of CCNU
(A) and of MeCCNU (B) upon the incorpora
tion of thymidine-3H into the lipid-free, acid-

insoluble material of tissues of mice bearing
Lewis lung carcinoma. Zero time corresponds
to the 7th day after implantation of the tumors
and the time at which the drugs were adminis
tered. The differences between the specific
activities for the tissues of treated, tumor-
bearing mice and the mean specific activities
of the tissues of untreated, non-tumor-bearing
mice are expressed as multiples of the stan
dard deviations from the mean values for the
untreated, non-tumor-bearing animals. Sp,
spleen; Li. liver; K, kidney; Br, brain; Lu,
lung.

and the kidneys of the host animals but caused decreased
rates of proliferation of the cells of the ear epidermis and the
ventral tongue epithelium. These authors also reviewed the
reports of other investigators who observed stimulatory
influences of neoplasms upon the metabolism and prolifera-
tive rates of host tissues. The apparent increased prolifera-
tive and metabolic activities of tissues of neoplasm-bearing
animals might also be due partially to cancer cells that have
infiltrated the tissues, and it is known that the 2 tumors used
in the present study metastasize extensively (2, 5, 8). Data
obtained in the present study indicate that nitrosoureas can
cause transitory inhibition of synthesis of DNA by the liver,
spleen, lungs, kidneys, brain, and marrow of non-tumor-
bearing hamsters and the spleens and lungs of non-tumor-
bearing mice. Hagemann and Lesher (6) have also observed
that BCNU caused transient inhibition of the fixation of
thymidine-3H by murine jejunum, colon, spleen, total
femur, and Peyer's patches in non-tumor-bearing mice. It
appears likely that in tumor-bearing animals the drugs
affect both the inherent properties and the "tumor-induced"

properties of the tissues.
DeWys and Mansky (3) observed that cyclophosphamide

caused transient decreases in the number of colony forming
units per femur, the number of marrow cells per femur, and
the number of peripheral white blood cells per cu mm; the
recovery from these decreases was delayed if the mice bore
s.c. Lewis lung tumors. These authors suggested that the
tumor might have a systemic inhibitory effect upon the
proliferation of marrow stem cells. Comparison of the
curves of Chart 6 with those of Chart 8 might lead to the
conclusion that the presence of the s.c. Lewis lung tumor
delayed the recovery and the stimulated DNA synthesis by
the respective host tissues following treatment of the
tumor-bearing mice with CCNU or MeCCNU.

It is concluded that these nitrosoureas damage some host
tissues and the neoplastic tissues but the host tissues recover
from the damage more readily than the cancer tissue. The
data obtained in the experiments reported here do not show
whether the damaged cells repair the damage and survive or
are lysed or shed and the tissue is repopulated with healthy
cells. These experiments supplement those of other inves
tigators referred to above and show that host tissues other
than the ones which they examined undergo transient

damage by the nitrosoureas and further justify the use of
recovery patterns in designing dose schedules for the
nitrosoureas.
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