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1. Introduction

The carcinogenic action of urethane on the lungs of mice was first noted by
Nettleship, Henshaw, and Meyer [1] in 1943. The effect of this chemical is to
produce multiple tumors of apparently discrete origin, visible as pearly white
nodules on the surface of the lung. Although the quantitative relation between
dose and number of tumors (herein termed the dose-effect relation) has been
studied by a number of investigators, the available data were not sufficient to
test the mathematical model of a two stage mechanism of tumor formation devel-
oped by Neyman and Scott [2]. It was apparent from the model that, if the
hypothesis is correct, the needed constants might be determined from suitable
studies of the changes in the dose-effect relation produced by variation in the
time interval between doses.

Henshaw and Meyer [3] and Rogers [4] administered urethane with various
time intervals between doses, but their results were not conclusive with respect
to the effect of fractionating the dose. Shimkin, Wieder, Marzi, Gubareff, and
Suntzeff [5] are presenting a paper in this session concerning their efforts to
test Neyman’s model. The work reported here was undertaken to supplement
the previous data and, by covering a broader pattern of urethane administra-
tion, with respeet to both quantity and time interval, hopefully to include the
particular patterns that would critically test the hypothesis. Additionally, since
tumors take time to develop to recognizable size, the effect of time interval from
initial injeetion to sacrifice was introduced as a factor to be studied.

2. Material and methods

The animals used were female, strain A/Jackson mice which were 8% to 10}
weeks old at the beginning of the experiment. It is to be noted that this is the
same strain as used by Shimkin and Gubareff, but that only females were used
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in our experiment, and their age was greater. The choice of sex was based on
the greater tractability of the females. This age was chosen because it was known
that very young animals are relatively much more susceptible to the carcinogenic
effect of urethane when given doses proportionate to body weight [4]. It was
our intention to avoid not only the period of high susceptibility but also the
transition period when susceptibility decreases rapidly to the adult level, since
the uncertainty in this respect would tend to confuse the picture.

Sixteen hundred of these animals were injected according to the time and dose
schedule in table I. There are 32 categories defined by dose pattern, that is, the

TABLE 1

DosE ParrerN anp CumurATIivE DoSE (mg/g Bopy WEIGHT)
Asterisks indicate that the same dose was given to two trial groups, one on the date of the
first injection and one on the date of the last injection of the groups given 16 injections, in
order to check the effect of aging during injections on the susceptibility.

Injection at Intervals
Injection at Intervals of Two Days of Seven Days
Urethane Dose Number of Injections Number of Injections
per Injection 1 2 4 8 16 2 4
0.000 (controls) | 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.0625 0.0625 0.125 0.250 0.500 1.000
0.125 0.125 0.250 0.500 1.000 2.000 0.250 0.500
0.250 0.250 0.500 1.000 2.000 4.000 0.500 1.000
0.500 0.500* 1.000 2.000
1.000 1.000*

dose per injection, number of injections, and spacing of injections. Each of these
categories included 50 animals. These 50 animals were divided into five sacrifice
groups, that is, groups of 10 animals from each dose pattern category were
sacrificed at 8, 12, 16, 20, and 24 weeks after the start of injections. There were
thus 160 classes distinguishable by dose pattern and time of sacrifice.

The injections were given intraperitoneally. The animals were weighed just
prior to injection, and the dose was based on this weight. Five different dilutions
of urethane in sterile distilled water were used, so that an approximately con-
stant volume of solution could be injected into each animal to obtain the desired
doses. Each animal was given 0.01 ml of solution of the appropriate concentra-
tion per gram of body weight. The most concentrated solution corresponded to
the usual anesthesia dose of 1.000 mg/g of body weight. The other solutions were
14, %, %, and 1 as concentrated. The actual concentrations at the time of admin-
istration were checked by chemical analysis of each solution according to
Kjeldahl’s method. This step was taken to insure against the possibility of
deterioration of the chemical or error in preparation. Each concentration was
given as a single injection of 0.01 ml/g to one group of animals and (except the
anesthesia dose) as multiple injections to other groups. The use of multiple
anesthesia doses was deemed impracticable because of the risk of death of the
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animals and unnecessary because of the high rates of tumor induction at lower
doses.

Some groups received the multiple injections every other day and some every
seventh day. In this way a total dose of 1.000 mg/g body weight was given in
one of six ways: as a single dose, in 2 or 4 equal fractions every seventh day, or
as 4, 8, or 16 equal fractions every second day. A total dose of 0.500 mg/g of
body weight was also given in one of six ways: as a single dose, in 2 or 4 equal
fractions at intervals of seven days, or as 2, 4, or 8 equal fractions at intervals
of two days. The other doses were similarly administered, as indicated in table I.

There was some concern about whether the aging of the animals between the
Ist and the 16th injections would make a significant difference in the results,
even though the initial age had been deliberately selected to make such an effect
unlikely. To test this point, single doses of 1.000 mg/g and 0.500 mg/g of body
weight were administered to each of two groups on the 30th day of the exper-
iment (that is, the day on which the last injection of the series of 16 injections
was given) in order to compare the results with those that received similar
single doses on ‘‘day zero.”

The dispersion in age of the mice as received from the supplier was 21 days,
so it seemed desirable: (1) to fit animals into the injection schedule in such a
way as to reduce the effect of the age variable; and (2) to stratify the samples
with respect to age in each of the 160 experimental classes. Animals were serially
numbered, with the lowest numbers assigned to the batches of earliest birth
date and successively younger batches receiving blocks of numbers in numerical
order. Since practical considerations regarding the carrying out of experimental
procedures made it necessary to divide the mice into two lots for injection, the
older half was injected first and the younger half eight days later; the interval of
eight days was a compromise, with respect to mean age difference, that fitted into
the feasible operational schedule. (The “eight days’’ refers to the great majority
subject to single doses or dose patterns with intervals of two days. For those on
dose patterns with intervals of seven days, it was practically necessary to make
this “seven days.””) The serially numbered animals were listed in sequence in
groups of 160 each, thus establishing five age groups in each half of the total lot
with a narrow range of age within each group. The 160 experimental classes were
given identifying numbers, and these numbers were randomly assigned to the 160
mice in each age group, thus forming 160 age stratified batches of 5 animals each
in the older half and 160 similar batches in the younger half. Thus, each of the
160 experimental classes consisted of 10 animals with age ranges, at time of
first injection, of the order of 13 days and containing one representative of each
of ten age strata.

To insure random conditions of housing and care of the animals with respect
to experimental treatment, the mice were placed in cages of 10 each, in ordinal
sequence of their identification numbers. The animals were housed in these cages
and removed only on the days when they were injected, at which time they
were sorted and temporarily caged according to injection groups. Thus, no
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dwelling cage had more than onc animal from any one experimental class. The
cages were rotated from rack to rack and from shelf to shelf on the racks once
a week in order to eliminate any room effects. The animals were fed D & G
mouse biscuits and water ad libitum, and their cages were changed once a week.

At the scheduled time of injection of each of the 32 dose-pattern categorics,
the 50 animals of a given category were removed from their dwelling cages,
transferred to other cages for treatment, and subsequently rcturned to their
respective dwelling cages. A group of 50 control animals was similarly handled
and injected with 0.01 ml of distilled water per gram of body weight, to match
the volumes of solution injected into the experimental animals.

At the scheduled time of saerifice of each group of 10 animals, the individuals
were removed from their cages and assembled in one cage for sacrifice by cervical
dislocation. The lungs were removed and preserved in Tellyesniczky’s fluid,
which other experimenters had found well suited for the preparation of lung
tissue for ease of recognition of tumors. The number of tumors per lung was
determined by examining the surface with the aid of a dissecting microscope.
The reliability of the tumor counts depends in large measure on the experimenter’s
expericnce in recognizing very small tumors. Ifor consistency, therefore, all counts
were made by one person (Miss White), who tested the reliability of her count-
ing technique by twice recounting the first 72 lung specimens examined.

On comparing the scts of three observations per animal for the first 24 animals,
the range of variability about the mean tumor count was approximately =416
per cent; for the second 24 animals, it was reduced to about 410 per cent; and
for the third group, to £=0.8 per cent. All counts after the first 72 specimens were
made without repetition. It is assumed that the counts reported, which represent
the results of the improvement of Miss White’s technique with experience, are
as reliably consistent as the statistics on the last group suggest. The counts were
made without knowledge of the experimental group to which cach specimen
belonged.

3. Results

The full data on number of tumors per lung for each of the 1600 mice, together
with ages and weights of the animals, are tabulated in the appendix. The statis-
tical summaries are given in tables Ila to Ilg, I11a to I11d, and IVa to IVe, for
the experimental groups, and table V for the control groups. Selected portions
are presented graphically in figures 1, 2, and 3, discussed later.

It is apparent that the data may be grouped for study according to at least
three different viewpoints. The data are presented grouped in each of these ways
in the tables designated 1I, III, and IV, respectively. The viewpoints are: in
table 11, all animals receiving the same total amount of urethane per gram of
body weight in the course of the experiment may be considered one group dif-
fering only in the fractionation pattern, that is, number of equal fractions into
which the total dose is divided and time interval between fractions; in table 111,
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TABLE II

SuMMARY OF DAta AccorDING TO FIXED ToTAL DoOSE, WITH VARIABLE FRACTIONATION
AND TivME INTERVALS BETWEEN Dosks

Doses are reported as mg/g, to be understood as mg/g body weight. Standard errors are

shown in parentheses. ‘“‘Sacrifice time’’ means the time between start of injections and sacrifice.

“Tumor yield’’ means average number of tumors per animal. The day ‘30"’ indicates injected

once on day of last injection of animals that received 16 injections, in order to determine
whether there was an aging factor between the 1st and 16th injections.

(a) ToraL Dosg, 4.000 mg/g,
Administered as 16 X 0.250 mg/g at intervals of two days.

, Sacrifice Time Tumor Yield

8 weeks 23.9
(2.95)

12 weeks 42.4
(2.60)

16 weeks 54.7
(4.60)

20 weeks 61.0
(3.07)

24 weeks 64.1
(3.90)

(b) ToraL Dosg, 2.000 mg/g

Tumor Yield
4 X 0.500 mg/g at 8 X 0.250 mg/g at | 16 X 0.125 mg/g at
Intervals of Intervals of Intervals of
Sacrifice Time Seven Days Seven Days Two Days
8 weeks 13.3 14.1 8.0
(2.23) (1.11) (1.88)
12 weeks 30.2 23.6 18.0
(2.23) (2.76) (2.15)
16 weeks 39.6 28.3 27.5
(2.20) (1.61) (2.19)
20 weeks 43.8 35.8 30.1
(@.71) (2.66) (2.30)
24 weeks 47.2 38.0 33.3
(2.70) (1.09) (1.62)
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TABLE II (Continued)

(¢) ToraL Dosg, 1.000 mg/g
(i) Administered at intervals of seven days.

Tumor Yield

1 X 1.000 mg/g

Sacrifice On Day On Day  Avg. Day “0”
Time “0” “30” and Day “30”” |2 X 0.500 mg/g |4 X 0.250 mg/g
8 weeks 9.0 0.8 49 6.7 3.3
(1.28) (0.36) (1.14) (1.04) (0.75)
12 weeks 15.6 9.5 12.5 15.5 9.5
(1.18) (1.40) (1.15) (2.28) (1.50)
16 weeks 15.7 15.1 15.4 18.8 11.3
(1.78) (1.44) (1.12) (2.28) (0.83)
20 weeks 21.9 16.1 19.0 20.0 17.2
(1.93) (1.85) (1.47) (3.01) (1.35)
24 weeks 21.2 26.2 23.7 22.7 16.9
(2.31) @.77) (1.51) (2.31) (1.64)
(ii) Administered at intervals of two days.
Tumor Yield
1 X 1.000 mg/g
Avg. Day
liO]?’
Sacrifice On Day On Day and Day | 4 X 0.250 | 8 X 0.125 |16 X 0.0625
Time uon 1(30)1 ((30)) mg/g mg/g mg/g
8 weeks 9.0 0.8 4.9 5.8 5.1 1.3
(1.28) (0.36) (1.14) (1.49) (0.69) (0.52)
12 weeks 15.6 9.5 12.5 114 11.3 6.9
(1.18) (1.40) (1.15) (2.14) (1.92) (1.47)
16 weeks 15.7 15.1 154 15.3 12.4 9.8
(1.78) (1.44) (1.12) (1.60) (1.04) (1.32)
20 weeks 21.9 16.1 19.0 15.1 15.2 14.7
(1.93) (1.85) (1.47) (1.65) (1.75) (1.40)
24 weeks 21.2 26.2 23.7 17.7 17.3 13.6
(2.31) 1.77) (1.51) (2.20) (1.54) (1.40)
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TABLE II (Continued)

(d) TotaL Dosg, 0.500 mg/g
(i) Administered at intervals of seven days.

Tumor Yield
1 X 0.500 mg/g
Sacrifice On Day On Day  Avg. Day “0”
Time “0” “30” and Day “30” {2 X 0.250 mg/g |4 X 0.125 mg/g
8 weeks 3.8 0.3 2.0 3.0 1.6
(0.96) (0.02) (0.62) (0.61) (0.45)
12 weeks 5.1 2.5 3.8 4.5 4.3
(0.53) (0.52) (0.47) (0.62) (1.17)
16 weeks 6.0 5.2 5.6 7.0 6.0
(1.27) (1.05) (0.80) (1.03) (1.01)
20 weeks 9.8 7.2 8.5 9.4 6.7
(1.06) (1.02) 0.77) (1.41) (0.84)
24 weeks 9.2 9.8 9.5 10.1 7.0
(1.20) (0.85) (0.72) (1.29) (1.04)
(ii) Administered at intervals of two days.
Tumor Yield
1 X 0.500 mg/g
Avg. Day
‘&0”
Sacrifice On Day On Day and Day | 2 X 0.250 | 4 X 0.125 | 8 X 0.0625
Time i “g0” “30" mg/g mg/g mg/g
8 weeks 3.8 0.3 2.0 2.7 2.3 1.8
(0.96) (0.02) (0.62) (0.82) (1.02) (0.51)
12 weeks 5.1 2.5 3.8 4.3 3.7 4.2
(0.53) (0.52) (0.47) (0.63) (0.61) (0.61)
16 weeks 6.0 5.2 5.6 5.2 5.1 3.7
(1.27) (1.05) (0.80) (0.92) (0.46) (0.70)
20 weeks 9.8 7.2 8.5 7.4 8.8 5.4
(1.06) (1.02) 0.77) (0.87) (1.17) (0.85)
24 weeks 9.2 9.8 9.5 8.7 10.9 8.1
(1.20) (0.85) 0.72) (0.93) (0.98) (0.87)
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TABLE II (Continued)
(e) TotaL Dosg, 0.250 mg/g

Tumor Yield
At Intervals of At Intervals of Two Days
Sacrifice On Day “0”’ Seven Days
Time 1 X 0250 mg/g | 2 X 0.125 mg/g | 2 X 0.125 mg/g 4 X 0.0625 mg/g
8 weeks 2.1 1.8 0.8 0.7
» (0.48) (0.36) (0.25) (0.42)
12 weeks 1.9 2.9 2.3 2.2
(0.50) (0.35) (0.61) (0.25)
16 weeks 2.6 3.1 3.7 3.0
(0.56) (0.59) (0.54) (0.58)
20 weeks 3.5 3.6 2.9 3.6
0.52) (0.34) (0.64) 0.72)
24 weeks 3.8 3.9 3.9 4.7
(0.87) (0.43) (0.65) (0.68)
(f) ToraL Dosg, 0.125 mg/g
Tumor Yield
On Day “0” At Intervals of Two Days
Sacrifice Time 1 X 0.125 mg/g 2 X 0.0625 mg/g
8 weeks 0.8 0.0
(0.33) (0.00)
12 weeks 14 0.5
(0.71) (0.31)
16 weeks 1.5 1.3
(0.43) (0.37)
20 weeks 2.2 2.2
(0.39) (0.47)
24 weeks 2.0 1.7
(0.45) (0.47)

(g) ToraL Dosg, 0.0625 mg/g
Administered as single dose.

Sacrifice Time Tumor Yield

8 weeks 1.0
(0.49)

12 weeks 0.7
(0.33)

16 weeks 0.6
(0.22)

20 weeks 0.9
(0.38)

24 weeks 1.2
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TABLE IIT

SuMMARY OF DaTA Accorping To Fixep INpivipuaL Dosk,
wITH VARIABLE NUMBERS OF DosEs AND TiME INTERVALs BETWEEN DosEs
(a) InpIviDUAL Dosg, 0.0625 mg/g
Administered at intervals of two days.

729

Tumor Yield
Number of Doses
Sacrifice
Time 1 2 4 8 16
8 weeks 1.0 0.0 0.7 1.8 1.3
(0.49) (0.00) (0.42) (0.51) (0.52)
12 weeks 0.7 0.5 2.2 4.2 6.9
(0.33) (0.31) (0.25) (0.61) (1.47)
16 weeks 0.6 1.3 3.0 3.7 9.8
(0.22) (0.37) (0.58) (0.70) (1.32)
20 weeks 0.9 2.2 3.6 5.4 14.7
(0.38) (0.47) (0.72) (0.85) (1.40)
24 weeks 1.2 1.7 4.7 8.1 13.6
(0.44) (0.47) (0.68) (0.87) (1.40)
(b) InpIvipuarL Dosg, 0.125 mg/g
Tumor Yield
Number of Doses
At Intervals of
At Intervals of Two Days Seven Days
Sacrifice
Time 1 2 4 8 16 2 4
8 weeks 0.8 0.8 2.3 5.1 8.0 1.8 1.6
(0.33) (0.25 (1.02) (0.69) (1.88) (0.36) (0.45)
12 weeks 1.4 2.3 3.7 11.3 18.0 2.9 4.3
(0.71) 0.61) (0.61) (1.92) (2.15) (0.35) 1.17)
16 weeks 1.5 3.7 5.1 12.4 27.5 3.1 6.0
(0.43) (0.54) (0.46) (1.04) (2.19) (0.59) (1.01)
20 weeks 2.2 2.9 8.8 15.2 30.1 3.6 6.7
(0.39) (0.64) (1.17) (1.75) (2.30) (0.34) (0.84)
24 weeks 2.0 3.9 10.9 17.3 33.3 3.9 7.0
(0.45) (0.65) (0.98) (1.54) (1.62) (0.43) (1.04)
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TABLE III (Continued)

(¢) Inprvipuar Dosg, 0.250 mg/g

Tumor Yield
Number of Doses
At Intervals of
At Intervals of Two Days Seven Days
Sacrifice
Time 1 2 4 8 16 2 4
8 weeks 2.1 2.7 5.8 14.1 23.9 3.0 3.3
0.48) (0.82) (1.49) (1.11) (2.95) (0.61) (0.75)
12 weeks 19 4.3 114 23.6 424 4.5 9.5
(0.50) (0.63) (2.14) (2.76) (2.60) (0.62) (1.50)
16 weeks 2.6 5.2 15.3 28.3 54.7 7.0 11.3
(0.56) (0.92) (1.60) (1.61) (4.60) (1.03) (0.83)
20 weeks 3.5 7.4 15.1 35.8 61.0 9.4 17.2
(0.52) (0.87) (1.65) (2.66) (3.07) (1.41) (1.35)
24 weeks 3.8 8.7 17.7 38.0 64.1 10.1 16.9
(0.87) (0.93) (2.20) (1.09) (3.90) (1.29) (1.64)
(d) InpvipuaL Dosg, 0.500 mg/g
Administered at intervals of seven days.
Tumor Yield
Number of Doses
1
Sacrifice 1 1 Avg. Day “0”
Time On Day “0” On Day “30” and Day “30” 2 4
8 weeks 3.8 0.3 2.0 6.7 13.3
(0.96) (0.15) (0.62) (1.04) (2.23)
12 weeks 5.1 2.5 3.8 15.5 30.2
(0.53) (0.52) 0.47) (2.28) (2.23)
16 weeks 6.0 5.2 5.6 18.8 39.6
(1.27) (1.05) (0.80) (2.28) (2.20)
20 weeks 9.8 7.2 8.5 20.0 43.8
(1.06) (1.02) 0.77) 3.01) (2.71)
24 weeks 9.2 9.8 9.5 22.7 47.2
(1.20) (0.85) (0.72) (2.31) (2.70)
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TABLE IV

SuMMARY OF DATA AccorpING TO Fixep NUMBER oF INJECTIONS
WITH VARIABLE INDIVIDUAL DoskEs aAND TiME INTERvALS BETWEEN DoSEs

(a) GiveEN as 1 INJECTION

Tumor Yield
Total Dose (mg/g)
0.500 1.000
Sacrifice Day Day Day Day
Time | 0.0625 0.125 0.250 “0” “30” Avg. “0” “30” Avg.
8 weeks | 1.0 0.8 2.1 3.8 0.3 2.0 9.0 0.8 4.9
(0.49) (0.33) (0.48) | (0.96) (0.15) (0.62) | (1.28) (0.36) (1.14)
12 weeks | 0.7 14 1.9 5.1 2.5 3.8 15.6 9.5 12.5
(0.33) (0.71) (0.50) | (0.53) (0.52) (0.47) | (1.18) (1.40) (1.15)
16 weeks | 0.6 1.5 2.6 6.0 5.2 5.6 15.7 15.1 15.4
(0.22) (0.43) (0.56) | (1.27) (1.05) (0.80) | (1.78) (1.44) (1.12)
20 weeks | 0.9 2.2 3.5 9.8 7.2 8.5 21.9 16.1 19.0
(0.38) (0.39) (0.52) | (1.06) (1.02) (0.77) | (1.93) (1.85) (1.47)
24 weeks | 1.2 2.0 3.8 9.2 9.8 9.5 21.2 26.2 23.7
(0.44) (0.45) (0.87) | (1.20) (0.85) (0.72) | (2.31) (1.77) (1.51)
(b) GIVEN As 2 INJECTIONS
Tumor Yield
Total Dose (mg/g)
At Intervals of Two Days At Intervals of Seven Days
Sacrifice
Time 0.125 0.250 0.500 0.250 0.500 1.000
8 weeks 0.0 0.8 2.7 1.8 3.0 6.7
(0.00) (0.25) (0.82) (0.36) (0.61) (1.04)
12 weeks 0.5 2.3 4.3 2.9 4.5 15.5
(0.31) (0.61) (0.63) (0.35) (0.62) (2.28)
16 weeks 1.3 3.7 5.2 3.1 7.0 18.8
(0.37) (0.54) (0.92) (0.59) (1.03) (2.28)
20 weeks 2.2 2.9 7.4 3.6 9.4 20.0
(0.47) (0.64) (0.87) (0.34) (1.41) (3.01)
24 weeks 1.7 3.9 8.7 3.9 10.1 22.7
(0.47) (0.65) (0.93) (0.43) (1.29) (2.31)
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TABLE 1V (Continued)
(¢) GIVEN As 4 INJECTIONS

Tumor Yield
Total Dose (mg/g)
At Intervals of Two Days At Intervals of Seven Days
Sacrifice
Time 0.250 0.500 1.000 0.500 1.000 2.000
8 weeks 0.7 2.3 5.8 1.6 3.3 13.3
(0.42) (1.02) (1.49) (0.45) (0.75) (2.23)
12 weeks 2.2 3.7 114 4.3 9.5 30.2
(0.25 (0.61) (2.14) (1.17) (1.50) (2.23)
16 weeks 3.0 5.1 15.3 6.0 11.3 39.6
(0.58) (0.46) (1.60) (1.01) (0.83) (2.20)
20 weeks 3.6 8.8 15.1 6.7 17.2 43.8
(0.72) (1.17) (1.65) (0.84) (1.35) 2.71)
24 weeks 4.7 10.9 17.7 7.0 16.9 47.2
(0.68) (0.98) (2.20) (4.04) (1.64) (2.70)
(d) GiveN as 8 INJECTIONS (e) GIvEN as 16 INJECTIONS
AT INTERVALS OF Two Davs AT INTERvALS OF Two Davs
Tumor Yield Tumor Yield
Total Dose (mg/g) Total Dose (ng/g)
Sacrifice Sacrifice
Time 0.500 1.000 2.000 Time 1.000 2.000 4.000
8 weeks 1.8 5.1 14.1 8 weeks 1.3 8.0 23.9
(0.51) (0.69) (1.11) (0.52) (1.88) (2.95)
12 weeks 4.2 11.3 23.6 12 weeks 6.9 18.0 42.4
(0.61) (1.92) (2.76) (1.47) (2.15) (2.60)
16 weeks 3.7 12.4 28.3 16 weeks 9.8 27.5 54.7
(0.70) (1.04) (1.61) (1.32) (2.19) (4.60)
20 weeks 5.4 15.2 35.8 20 weeks 14.7 30.1 61.0
(0.85) (1.75) (2.66) (1.40) (2.30) (3.07)
24 weeks 8.1 17.3 38.0 24 weeks 13.6 33.3 64.0
(0.87) (1.54) (1.09) (1.40) (1.62) (3.90)

all animals receiving the same dose of urethane per gram of body weight at each
injection may be considered one group differing only in the number of times this
treatment is repeated and, to a limited extent, in the time interval between
treatments; in table IV, all animals receiving the same number of injections may
be considered one group differing only in the dose of urethane per gram of body
weight given at each injection (and hence in total), and to a limited extent in
the time interval between pairs of doses.

4. Discussion

This experiment was intended to be a pilot study, with the aim of locating
those portions of the dose-effect curves which theoretically would be most sen-
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sitive to the effect of dose pattern if the Neyman model is correct. For this
reason, the total number of mice that could be practically handled in the exper-
iment was divided to cover a great range of dose patterns and sacrifice times,
with the unfortunate consequence that there were undesirably small numbers
in each group. This fact must be kept in mind with regard to all conclusions.

In the control groups, as can be seen in table V, there appear to be no signif-

URETHANE DOSE AND TIME PATTERN

TABLE V

NumBErR oF TuMors IN CONTROLS,
0.01 ml DistiLLep WATER PER GrRaM Bopy WEIGHT PER INJECTION

Tumor Yield
Number of
Injections 16 8 4 2 1 4 2
Days Between
Injections 2 2 2 2 — 7 7 Avg.
Sacrifice Time
8 weeks 1.0 0.3 0.3 0.4 0.0 0.3 0.2 0.4
(0.28) (0.22) (0.15) (0.22) (0.00) (0.33) (0.15)
12 weeks 0.0 0.5 0.1 0.1 0.2 0.0 0.6 0.2
(0.00) (0.22) (0.10) (0.10) (0.14) (0.0) (0.30)
16 weeks 0.2 0.2 0.5 0.8 0.5 0.6 0.1 0.4
(0.13) (0.20) (0.24) (0.49) (0.22) (0.34) (0.10)
20 weeks 0.8 0.5 0.4 0.4 0.6 0.3 0.1 0.4
(0.33) (0.31) (0.16) (0.22) (0.30) (0.15) (0.18)
24 weeks 0.5 0.1 0.4 0.5 0.5 0.7 0.2 0.4
(0.31) (0.10) (0.22) (0.27) (0.34) (0.26) (0.13)
Average 0.5 0.3 0.3 0.4 0.4 0.4 0.2 0.4

icant differences in the numbers of tumors, regardless of the number or spacing
of the injections of distilled water. It was therefore inferred that the solvent
(distilled water) had no effect on the number of tumors, that is, that the few
tumors which occurred in the controls were spontaneous ones. Since these av-
eraged less than one half tumor per animal, the experimental results were not
corrected for the occurrence of spontaneous tumors.

The effect of time in allowing tumors to develop to observable size is illustrated
in figure 1. The particular set of doses shown here was selected because the curves
were slightly more regular than for other doses; but, in general, the effect seen
is an apparent tendency to approach asymptotically some maximum number of
tumors that characterizes the effect of a given dose and dose pattern. For the
smaller total doses, the curves suggest that the maximum is reached by the time
of the last sacrifice period, 24 weeks after initial injection. For the larger doses,
the curves continue to rise at the 24 weeks’ point, suggesting that a longer interval
might have been desirable. For example, the points corresponding to 16 doses
in figure 1 are fitted by one branch of a hyperbola asymptotic to a tumor count
of 69.9; the count reached in 24 weeks is 64.1. It appears reasonable to focus
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Effect of time on tumor development for various multiples
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attention, therefore, on the data for the last sacrifice period when attempting
to generalize with respect to the ultimate carcinogenic effect of the various modes
of administration of urethane. It may be interesting also to speculate on any
possible significance in the fact that the hyperbola which fits the 16 dose data
intersects the axis of abscissas at about 6 days: May this mean that the first
visible tumor occurs at about 1 week after injection?

The effect of varying the time interval between successive injections from two
days to seven days is best studied by ecomparing the four dose patterns that were
duplicated with only this time interval as a variable. Extracting these data for
the last sacrifice period, we find the average numbers of tumors in table VI.

TABLE VI

ErFEct OF VARYING THE TIME INTERVAL BETWEEN SUCCESSIVE INJECTIONS
Data from last sacrifice period.

Time Interval

Total Dose

Dose Pattern Two Days Seven Days

mg/g mg/g (SE) (SE)
0.25 2 X 0.125 3.9 3.9
0.5 2 X 0.250 8.7 (0.93) 10.1 (1.29)
0.5 4 X 0.125 10.9 (0.98) 7.0 (1.04)
1.0 5 X 0.250 17.7 16.9




URETHANE DOSE AND TIME PATTERN 735

In the first and last cases listed, no effect of the time interval is seen. At the
0.5 mg/g dose level, the observed differences are in opposite directions for sub-
division into 2 doses and 4. On applying the two sided ¢ test at the 0.01 signif-
icance level, neither of these differences appears significant. The four fraction
case does appear to show a statistically significant difference at the level of
a = 0.05; but this is offset by the fact that the equally large experimental groups
at each of the four other sacrifice times show differences in both directions (two
each way) and of magnitudes that are not significant even when tested at higher
values of alpha. Since we know of no plausible explanation for the reversal of
direction of the observed differences, we consider this to be a chance variation
and are of the opinion that the data for the two day interval and the seven day
interval may be appropriately combined. The means of these groups have been
used in plotting the dose-effect curves of figures 2 and 3, which are discussed
later.

The effect of aging of the animals during the course of the longer series of
injections is deemed to be negligible, on the basis of the results obtained from
injection of single doses on “Day 0" as compared with “Day 30.” Since this
interval is approximately 4 weeks, equaling the interval between sacrifice dates,
the magnitude of the effect of aging can be noted by inspecting the pairs of
columns headed “Day 0" and ‘“Day 30” in table IVa, comparing each line in
the “Day 0” column with the line below in the “Day 30"’ column. In this way,
the effect of the time required for tumor development is approximately elim-
inated. It is apparent that these pairs of values are nearly alike, indicating that
the change of age of the animals during even the series of 16 injections probably
has no significant effect on the tumor response.

There is a further indication that differences in age were not significant, once
the animals had reached the stage of maturity corresponding to the minimum
of our sample (8% weeks). We examined the data for possible correlation between
initial age of the animal and number of tumors in each experimental class and
between weight of the animal and number of tumors. No correlation was evident
with respect to either of these factors.

It may be noted that some of the experimental classes consisted of nine an-
imals rather than the intended ten. In eight instances, randomly selected, only
nine mice were assigned to the class because of the fact that eight mice died
before the beginning of the experiment. In each of 11 classes, one mouse died
during the experiment but before the scheduled sacrifice date. It was agreed in
advance that such mice would be eliminated from consideration, even though
the death might occur on the day before the assigned date, as happened in one
instance.

Figure 2 shows the dose-effect curves for each of the degrees of fractionation
tested, that is, for doses administered in 1, 2, 4, 8, or 16 portions. It will be
noted that smooth curves of approximately parabolic or hyperbolic form can
be plotted without very significant departures from the observed points. If these
curves do indeed represent the phenomena occurring, then it appears that frac-
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Dose-effect curves for tumor production
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tionation reduces the effectiveness of doses of 0.5 mg/g and larger but has little
effect, if any, on smaller doses. Division into two fractions does little to diminish
the effectiveness of doses in the range tested (that is, up to 1 mg/g); but further
subdivision does cause fewer tumors to be induced.

Some of this effect is possibly due to the fact that, with the time of sacrifice
specified as an interval from the start of injections, the animals that got 8 or 16
doses at two day intervals or 4 doses at seven day intervals were sacrificed at
a time significantly closer to their last injection than were the animals that
received their total dose within the first few days. It may be conjectured, there-
fore, that the later doses for the animals with prolonged schedules of injection
had not had time to be fully effective before the animals were sacrificed. How-
ever, when 1.000 mg/g in 1 dose given at the end of the injection period is com-
pared with 16 doses of 0.0625 mg/g, the single dose was nevertheless more effective
than the fractionated dose. There is, therefore, some still unknown factor
involved.

This factor may relate to the mechanism by which the mouse rids itself of
urethane. If the induction of tumors depends on a second chemically induced
carcinogenic event affecting cells altered by a first event, and if the second step
may occur very soon after the first, the mechanism of detoxication determines
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the period in which urethane is present to induce the second event. Skipper,
Bennett, Bryan, White, Newton, and Simpson [6] reported that the rate of
hydrolysis of urethane decreases with time, whereas IKaye [7] reported finding
that the catabolic system, when studied in vitro, is saturated at well below the
levels normally occurring in mouse plasma following anesthetic doses of urcthane
and henece detoxifies at a constant rate. IXayc’s ¢n vivo experiments tend to sup-
port the studies ¢n vitro. 1t is possible that liver efficiency is the limiting factor;
that is, the liver may not be able to decompose a large dose as fast, proportion-
ately, as it can a small dose. In that event, the tissues would be exposed not
only to a higher concentration of urethane but also for a proportionately longer
time when a large dose is given.

The results we obtained with 1 large dosc and 16 small doses are in the same
direction as those obtained by Gubareff and reported here by Shimkin for 1
large dose and 12 small ones, namely, that the single dose is more effective; but
the decrease duc to fractionation is not as pronounced in our experiment. This
might be explained on the basis that their younger animals (approximately 4
weeks of age at the beginning of the experiment) were more susceptible to tumor
production at the time when the large dose was given but became appreciably
less susceptible by the time the 12th small dose was given. Our animals were at
least 84 weeks old when the experiment was begun, and therefore were past the
stage of rapidly changing susceptibility to tumor production. We did not see the
pronounced difference in the opposite direetion which they obtained when they

70 I | 1 T I
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50 0.500
40

30

20

Average number of tumors per mouse
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Number of injections of indicated dose
FiGURre 3

Relation of tumor yield
to number of injections of a given size of dose.
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gave 0.500 mg/g twice at an interval of 6 days as compared to 1.000 mg/g in
1 dose. Either enhancement or decrease of tumor induction by fractionation is
evidence against the one stage mutation theory of carcinogenesis which the more
recent two stage model might replace.

There is a slight suggestion in the curves of figure 3 that such enhancement
may occur with subdivision of dose. These graphs are straight lines, fitted by
eye to the observed points, including the controls. Although no points are very
significantly far from their respective lines, the points for a single dose tend to
be slightly below the lines while the points for 8 doses tend to be above the lines.
The differences are not significant in themselves but suggest a possible pattern
of departure. It is proposed to pursue further the study of effects of time pattern
on the dose-effect curves by testing other time intervals between doses.

O O VY

APPENDIX

Raw data on induction of lung tumors in mice by urethane. In the tables
below (tables AI to AIV) giving data on individual mice, line A gives the dose
per injection in mg/g body weight; line B, the number of injections given; line C,
the total dose in mg/g; line D, the interval between injections in days, column E,
the interval between the first injection and sacrifice in weeks; column Iv, the
age in days on the date of the first injection; column G, the weight in grams on
the date of the first injection; column H, the number of tumors in the lung.
The asterisks indicate that the animal died before the sacrifice date. The — in-
dicates that no animal was assigned.
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TABLE AI

Darta oN Inpivipuan Mice—I
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A 0.0625 0.0625 0.0625 0.0625 0.0625 0.125 0.125 0.125
B 16 8 4 2 1 16 8 4
C 1.000 0.500 0.250 0.125 0.0625 2.000 1.000 0.500
D 2 2 2 2 — 2 2 2
E FGH| FGH| FGH|FGH| FGH| FGH| FGH| FGH
7121 07221 07219 07026 0| 7121 17320 67323 27219 O
7022 06723 16718 17020 0|6724 0|6721 7 |7022 56721 1
6720 116721 3|6720 416721 0|6722 0|67 2418|6622 6| 6620 O
6622 26621 46622 06624 06623 0|6819 1|6620 3 (6624 O
816523 0(6518 3 (6520 06521 06526 2|6520 56522 5|6518 5
6721 06720 1|6716 06719 0|6721 0| 732213 (732410 73 18 10
67 17 46721 06718 0|6720 0|67 19 0| 672116 (6720 66720 0
6622 4 (6621 46620 0]6716 06619 16623 9|6721 46718 2
66 18 0|61 18 216621 06619 06623 16619 16622 66621 4
6022 2(6019 0(6019 2 — — — |6020 56118 46118 46019 1
7120 87319 117222 3|7220 07220 07323117018 7 |7123 5
7021 3|7021 217022 3|6718 07019 07023117024 9|67 24 2
6622 516719 66722 26721 06622 3|672214|6722 66619 2
6624 5)|6620 3|6621 36621 3|6622 0| 662310 |6622 36621 6
1216524196521 3|6519 1[6524 06522 1652216652221 |6519 2
6719 37319 5(6718 27323 0(6721 0|672222|732314/|7325 5
6721 816718 66717 1|6723 1|6723 0| 672422672115 67 20 7
6719 56723 5([6722 3|6620 16620 1| 662127 |67 2211|6622 2
6620 516623 4]6620 2|6618 06620 0| 6621296618 7|6619 2
6023 8|6021 7|6018 2|6019 06019 2|60 20 18 | 60 20 20 | 60 17 4
7224 11 | 7122 27221 27121 3[{7019 07225227216 8| 7122 4
6721 87021 67020 4(7023 17020 2 (702333 |672010|7023 7
6627 9(6624 76720 216622 2([6719 1|67 19 28|66 19 11 | 66 20 5
6623 8|6621 36620 3|6622 06621 0| 662329 | 6622146619 6
16 | 6523 616521 46519 06522 3|6521 1|652114|6520 86521 6
7323 27319 5 (6721 17325 1|7321 1732436671917 |7321 6
67 2012 | 67 22 0|67 24 4| 6722 1|67 18 0|67 2030 |67 16 13 | 67 22 5
66 18 11 | 66 20 5| 67 17 6| 66 20 2 | 67 20 0| 67 20 36 | 66 22 11 | 66 20 4
6620 16 | 6620 1 (6621 3 |6621 0|6621 0| 6619226119 16| 6621 6
60 1915|6115 4 {6020 5/6019 06021 1|602225|602116| 6021 2
7323107323 5|7318 3|7127 1|7123 0702020 (7320117018 4
7021126719 1[{7024 2(7019 17019 0672221702311 )7022 5
67 19 13 {6722 616621 3|6620 2|6620 0| 662025|67 2412|6721 5
66 20 18 | 6622 86619 5 |6621 3[6624 2| 6619 36| 662214 |66 19 6
20 | 652211 | 6520 4 |6518 3|6523 16522 0| 652222 | 652212652413
732317732010 | 7324 9|6719 16722 07320366719 8|6719 8
67 21 18| 6720 5|6722 3|6725 16722 2|67 2235](671819 |67 2210
6624 19|67 19 2|6724 56720 3|6622 2|67 2539/ 6621226617 12
6122216119 7({6620 2|6622 46622 0| 6621 32|66 19 18| 66 19 14
60 19 26 | 6020 6|61 20 1(6023 5| 6020 3|60 18 35 | 60 20 25 | 60 20 11
7223 67222 77224 77124 17224 4722227 |7120 97220 9
702316 | 6723 7 (7024 7 (6624 2|7021 1|662030]|7023 8|70 2212
662413 | 6722 66621 3|6621 2 |6722 0|662135)| 672320 | 67 22 10
6621 126621 8 (6622 3 (6523 16621 0652229661921 | 6619 4
24 165211216523 12[6520 3 (6721 1|6523 2|67 19 32| 6519 16 | 65 22 10
732110 | 6721 96720 3|6723 2|6722 3|672335|672119 732113
6721 20|67 2012|6719 66621 0| 6723 0| 6616 39 | 67 21 21 | 67 24 10
66 24 20 | 6620 86622 26622 5|6622 1| 662031 662019 | 67 21 12
662011 | 6121 46619 56119 1|6623 0| 60 18 42 | 66 19 21 | 66 22 15
612116 | —— — | 6018 8 ¥ % * 16023 1 ¥ * x| 6020 19 | 60 21 14
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TABLE AIl
Dara on INprvipvaL Mice—II
A | o125 0.125 0.250 0.250 0.250 0.250 0.250 | Controls
B 2 1 16 8 4 2 1 16
c | 0250 0.125 4.000 2.000 1.000 0.500 0.250 0.000
D 2 — 2 2 2 2 — 2
E|FGH|FGH|FGH|FGH|FGH|FGH|{FGH|FGH
7325 07120 0732223711620 (7323117123 3|7221 4|7221 1
7021 1|6720 1|672322|702013]6718 3[7023 2[6719 1[7019 9
6619 2|6722 0]662239|661611|662316[6721 3[6723 4[6721 0
6621 0/6621 1[6623 8|662310|6622 06621 6|6622 46620 0
816521 16523 0652121 6519136524 46519 06517 1|6524 0
7316 17319 2671822 (6716207323 2|6723 3|6722 0|7321 0
6720 16721 1|671814|672012 (6719 5|6724 06720 3|6718 0
6619 2 (6624 0662137672014 6721 46622 86722 16622 0
6623 06119 3|661926|611816 6618 5|6620 1|6623 1|6620 0
6021 06021 0611927 |601812 6022 86020 1|6021 26020 O
7323 1732 0[712148|712018|7118 3|7022 3[7215 1|7221 0
6719 1 (6723 1|671635|7021 266611 96720 0|7021L 2|7022 0
6720 26622 1662246 |662010 (6621 4|6616 3|6623 5|6720 0
6621 76623 7|662132|662023|6520 96623 5|6622 26623 0
126520 1]6521 1|652348 651836 |67 2324|6522 6[6523 06523 0
6723 07318 1|672155|732430({671912 (6719 7{7321 1|6720 0
6723 316720 1672248671910 662317 |6723 46720 46724 0
6622 36620 1|662041|672131]|661813|6718 5|6620 26618 0
6622 3.16622 0|662142)|661923 6120126624 66616 06120 0
6019 2| * * *|6121290|602029| * * *|6020 4|6120 2[6018 0
7221 67221 0711947 | 762228732321 7220 17124 4|7319 0
7024 67024 2702062 | 702223 |702211|6721 7|6720 0|67 19 1
6721 4| 6617 1|67 21 54| 662328 |662314|6720 46623 46722 1
6621 36622 0| 662057 |662020|6618 8|6619 46619 6| 6622 0
166517 1(6521 2652251 |652236|6518 9 (6523 7 (6720 16521 0
6720 4/7320 0732084 |672028|672020|6724 5|6717 3|7323 0
6724 56719 1|67 1842 |67 2220|6719 15 (6721 416719 2|6720 0
6722 46718 2| 662036 | 662032 |662023|6622 7|6620 3|6619 0
6621 2|6119 4662459 662124662017 (6620 2{6621 16621 0
6119 216116 3| — — — | 61 1835|6020 15|60 1511 | 6021 2|6020 0
7221 5|7124 1|712257 (731821 (7221127019 57120 2|7220 1
7019 26719 3|70 1861 |70 2330 [ 67 2310|7019 8| 7020 1{7020 0
6621 2|6721 3|67 1757 | 662137 | 672512 |6720 4]6622 36621 3
6620 36621 1662049 |65 1837|6619 11 | 6620 10 | 66 16 5 | 66 22 1
2006523 116521 4652261 |732141|652319|6520 66525 56523 0
6716 0]6721 4732260672348 |732015|672210]|6721 67323 2
6718 16720 2|672378|671831 6719126722 3|6719 3|6721 1
6620 66715 1662053 (661943 |67 2113|6720 11| 6618 5|67 18 0
6120 4|6618 1|66 17 78 | 60 20 34 | 66 18 21 | 66 16 8 | 66 20 2 | 66 20 0
6119 5|6017 2|60225 | —— — | 601826 |6020 9| 6120 36019 0
7217 5|7322 3|732072| 722032 7318117319 7|7324 5|7121 0
6723 5|7022 1|672044|672038|701515|7020 66721 1|6719 3
6623 3|6722 21672160 |6721 41 |662014 6619126719 3|67 22 0
6620 3 |6623 0|661853 661941 6522166624 36620 36621 1
24 6521 1|6516 3|732278|652435|672428/6520 86519 26522 1
6719 4| 6723 5|67 1755|6721 37 |6717 14672010 |67 1811 [7322 0
6720 86722 2|671960| 67 2036 |662016|6721 9|6720 3|6720 0
6620 3|6619 2| 662269 | 6621 41 | 66 18 15 | 67 18 8 | 67 20 4 | 66 23 0
6617 3| 6619 1|61 1877 | 60 17 41 | 60 20 30 | 66 22 12 | 66 22 3 | 66 21 0
16120 1| * * *| x x x| * % %|602012|6019 3 |6119 0
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TABLE AIII

Dara oN InprvipuaL Mice—III
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A Controls | Controls | Controls | Controls 0.125 0.125 0.250 0.250
B 4 2 1 4 2 4 2
C 0.000 0.000 0.000 0.000 0.500 0.250 1.000 0.500
D 2 2 2 — 7 7 7 7
E|FFGH| FGH| FGH|FGH|FGH|FGH|FGH | FGH
7319 217120 1|7322 07222 07519 2 (7320 17521 3|7323 6
7024 0|7018 0|7019 07023 0|7221 4[7224 1[6921 2]6919 0
6624 06723 06625 016621 0|6920 06821 46922 4|6920 4
6623 06619 06624 26619 0|6822 06821 1|6821 4|6820 2
816520 0/6523 06522 016520 06719 1[6723 0|6724 8|6721 3
6716 0{7319 1|6716 06719 06821 2|7423 2|7418 0}|6821 3
6719 06717 06720 1|6722 0|/6820 3|6821 2|6821 2|6820 6
6618 06621 0|6719 0[6721 06722 0|6721 3|6819 3 |[6820 2
6618 1 /6622 16619 0]6621 06718 3|6720 2|6720 16717 1
6019 06120 06023 1]6021 0|61 24 1|6122 2|6116 66220 3
7021 0|7123 1|7221 07123 07521 97320 27421 3|7422 8
7024 06721 07019 1}6721 0[6918 9 (6920 27222146920 5
6619 1|6722 0/6618 0}6621 0 6921 1|6921 2|682312|6822 3
6623 1/6620 06623 0[6621 06817 0|6821 2 |6820 4|6822 5
1216522 06520 016520 0|6517 216721 3|6721 36723 5|6722 4
7322 17322 017325 07326 06819 1|7424 3|742110 (7420 4
6720 06720 06722 06720 0[6819 3 |6823 4|68 2113|6822 7
6620 26622 0]6619 06618 06720 46721 26821 56719 5
6620 06620 06119 06620 06719 3 |6723 4|67 1915|6721 2
6020 0]/6021 06121 0|6019 0 (6121106122 5|6118 14 |6221 2
7321 07223 07221 07120 0 |7421 4|7321 1|732212|7322 9
70923 06716 27022 17022 1|7220 4|7220 2| 7222166925 1
6714 0/6619 06723 1|6623 0/6920 3 (6822 7|6820 8| 6818 8
6620 0662 16621 1]|6623 2|6823 8|6823 3|682211 |68 2313
16 | 6519 06523 16521 06521 06720 3|[6721 4|67 2012|6722 6
6722 07323 17322 57325 0[6820 87418 3|68 2015|7420 6
6720 26720 0[6722 06723 0[6820 86818 5| 68 19 10 | 68 20 10
6719 0]6720 06620 06623 1|6721 5|6722 2|672210|6720 5
6621 0[6620 06618 0]6621 0|6721 4|6723 16217116219 7
6019 0| — — — | 6018 0|6020 1|622213|6119 3|6115 8| 6117 5
7322 17118 07324 0[7120 07519 4(7422 37222177521 4
67 17016722 06718 0|67 17 0[722110|6922 2|722422|6918 5
6720 0(6722 06621 1|6622 0[682210)6921 36819 10|69 19 8
6618 06623 06623 1[6619 26820 3|6820 4| 6824 25| 6824 10
206523 06521 1]6522 06520 06522 8|6720 2|672318]|6721 5
7319 07321 07320 0[7318 07420 5|7420 4681817 |7419 9
6722 06721 16723 0[6719 26820 5 (6822 4| 6820 15| 68 22 19
6621 06620 06622 06620 06721106721 4|66 19 16 | 68 21 13
6620 16618 16617 06623 0|6722 76721 5|67 18 13| 67 20 11
6016 3| 6018 16019 26019 2| 6118 5|61 20 5| 622019 | 61 21 10
7392 17222 27117 17319 0[7320 3|7422 67523127523 7
6721 06720 1|6724 0|6719 07222 8|7221 4[722116/|6921 7
6623 06720 06619 2[6720 3|692011 (6820 3|69 20 16 | 68 20 10
6622 06619 06620 0]6619 06822136823 5| 681729 | 6820 5
24 | 6524 0[6524 0[/6524 06522 06719 66723 5| 682016 | 67 23 10
7319 07317 0[7323 06720 0[6820 8|7421 2| 742217681911
6722 06721 06720 2(6719 0[6819 2|68 22 4| 6822 17 | 68 20 14
6620 06621 1[/6621 06720 0|6821 66820 3|6719 96719 6
6619 06619 06618 06620 0| 6722 6|67 23 2|67 2019 | 67 16 18
6020 0602 0]6021 06018 26219 7|61 18 5| 61 20 18| 61 19 13




742  FIFTH BERKELEY SYMPOSIUM: WHITE, GRENDON, AND JONES
TABLE AIV

Data on INpIviDUAL Mice—IV

A 0.500 0.500 Controls | Controls 0.500 0.500 1.000 1.000
B 4 2 4 2 1 (Day 0) | 1 (Day 30)| 1 (Day 0) (1 (Day 30)
C 2.000 1.000 0.000 0.000 0.500 0.500 1.000 1.000
D 7 7 7 7 — — — —

E FGH| FGH| FGH| FGH| FGH| FGH| FGH| FGH
7522 817324 47421 017520 07321 3110223 0| 7320 8 {10223 O
722129691910 7223 0(6922 0|67 2010 (101 23 1|67 1911 | 98 21 2
6921 106922 76825 3 [6820 0|6622 5[9723 16619119726 0
68 2214|6820 56820 06820 06622 09725 06620 6|97 26 0
67 22 10 | 6720 4| 6718 0]6719 1 |6522 3 (9627 0|6522 6| 9626 2

81742014 | 7424 8(7423 07421 06822 310325 17420 59721 0
6821 46822 3 (6822 06820 06820 219725 06821 89725 3
67 2221 | 6818 6| 6818 0 (6721 16717 2(9619 0|67 20 8| 9624 0
67 24 12 | 6722 6| 6721 06721 0|6720 2j9620 06720 89125 O
622111 |61 1814|6120 0] —— — | 6118 89024 0611919 |90 22 1
732442173 1810|7522 0| 7421 0| 7121 6 {104 23 3| 72 25 13 |104 23 11
722141 | 672011 | 6920 0| 7217 1|67 21 3|98 24 4|67 20 13 (101 22 9
69 22 27 | 682221 | 6820 06920 0|67 20 7 (9727 0| 66 22 11 | 97 24 19
68 2028 | 6820 916822 06820 0 |6622 2|97 26 5| 6521 20 |97 24 13

12 | 67 2436 | 67 2018 [ 67 19 0| 6722 3 |6521 69623 1741915 96 26 4
68 16 25 | 68 19 20 | 6822 0| 7422 1|6818 6|97 27 3 |682219 |97 19 6
68 2330682129 6819 06821 0 |6822 5 (9726 1|67 20 12 | 97 26 11
67 21 22 | 68 18 15| 6822 06721 0 (6720 5 (9619 1|67 2120|9624 5
67 2027 | 67 1918 | 67 18 0 {6721 1|67 17 4|96 28 3| 6224 17 [ 91 25 10
61 2024|6118 47120 0|6119 06220 7|90 21 4 * ¥ % (9022 7
74 20 31 | 742116 | 7522 07521 0| 7121 11 (10226 6 | 72 22 17 102 25 21
69 21 35 | 69 2421 | 6920 0|7220 0| 7021 4 (101 25 3 | 67 22 10 {101 25 14
68 20 36 | 69 22 22 {6819 0| 6821 0| 6620 4|97 23 6 (662211 | 98 22 11
67 22 36 [ 68 21 18 | 68 20 0 | 6820 1|66 20 5|97 22 56621 16 | 97 23 12

16 | 68 22 51 | 67 2524 | 6721 0 (6719 0| 6520 3|96 2513|6519 11| 9622 9
68 19 44 [ 68 20 20 | 68 20 2 | 7424 0| 74 20 4|97 23 4| 7420 12 | 97 27 10
68 20 35 | 68 20 32 | 6821 3 | 6820 06821 59723 1| 6821 14| 97 25 19
62 20 47 | 67 18 6 {6818 0| 6821 0|67 19 49625 5|67 2116 | 96 25 18
61 20 41 | 67 20 19 | 6223 0|67 17 0| 67 20 14 | 96 23 2 | 62 18 22 | 96 22 16

* * * |61 1810|6119 16118 0| — — — | 9023 7|61 18 28| 91 20 21
72 2449 | 722224 {7525 07319 0| 73 21 12 (102 25 12 | 71 24 24 (103 24 18
722356 (72231616922 16921 07021 9 (101 23 11 | 70 21 17 [101 23 21
68 1953 6922326923 06920 06720 9|9827 7| 662019 97 20 20
68 19 46 [ 68 20 20 | 68 20 0 | 68 19 0| 66 20 7 | 97 25 8 |66 21 20 ( 96 25 7

20 | 67 21 36 | 67 18 23 | 6719 0| 67 20 0| 6521 10 | 96 25 7 | 65 23 25 |103 26 11
74 20 37 (741913 |74 18 0| 68 22 1 | 68 21 10 |103 28 6 | 74 21 36 | 97 24 22
68 2245 (6818 26821 06823 0]682111|9725 6|681916| 9618 9
68 23 50 | 68 18 33 | 67 20 1| 67 19 0 | 68 22 16 | 96 25 8 | 67 21 24 | 96 25 18
672230 (62161267 18 1|67 17 0|67 20 3| 9626 0| 67 20 23 | 90 24 19
61 14 36 | 62 2225|6123 0|6119 0| 61 20 11 | 90 26 7 | 61 17 15 ¥ ok ox
74 23 44 | 7421 16 | 7423 1| 7519 0| 73 22 6 {103 22 11 | 73 22 18 |104 21 18
69 23 46 | 72 21 24 | 7220 0| 7222 1|67 19 14 |101 25 9 | 70 24 16 [101 25 25
68 2241 [ 691919 16921 1|6820 0|67 22 8| 98 24 12 | 66 20 21 | 97 25 28
68 22 55 | 682014 | 6823 0|68 17 0| 6621 11 | 97 24 4 | 66 23 11 | 97 19 17

24 | 67 21 50 | 68 2216 | 67 21 2| 67 19 0| 6523 15 | 96 22 14 | 65 22 28 | 96 26 28
7420 32| 741935 | 6818 2 (7423 0742210 |97 23 9| 74 19 21 (103 26 34
68 25 47 | 68 2230 | 6820 0|68 21 0] 6821 11 | 97 25 11 | 68 20 25 | 97 27 33
68 21 54 | 67 1931 | 6721 1| 6720 0| 6722 4| 9727 8| 67 20 34 | 96 25 26
67 2262 |67 1824 | 6719 06219 0|67 20 9| 9624 11 | 62 19 17 | 96 23 29
611941 |61 1818 (6117 06119 1|61 20 4|9023 9 * x x| 90 23 24
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