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stage. Urethan produces effects very similar to those of X-rays;
when urethan is administered to pregnant mice, it causes
embryonic deaths and malformations in their embryos (20,
22), probably because of urethan's unique characteristics of
freely penetrating the placental barrier and possessing toxic
activity that is limited to a short period (24). The major
difference between the urethan and radiation effects on the
mouse embryo is that tumors are detected in lung and liver
with high frequency after the urethan treatment during the
organogenesis and fetal growth of each organ (21 , 23).
Consequently, a quantitative analysis of the sensitivity of a
lung cell for tumor induction in relation to its differentiation
has been carried out. It is the author's hope that these
quantitative data will increase our knowledge of oncology and
will serve as tools for assessing human hazards from
carcinogenic chemicals.

MATERIALS AND METHODS

Animals. Nine- to 12-week-old ICR/Jcl mice, weighing 26 to
30 g, were obtained from Japan Central Laboratory for
Experimental Animals. They were placed in a cage with a
breeder male at 10:00 p.m., and on the next morning vaginal
plugs were checked to determine Day 1 of gestation. Details
are reported in a previous paper (23).

Urethan. Crystalline ethyl carbamate, m.p. 48â€”51Â°,was
used (Wako Pure Chemicals Ind., Ltd., Tokyo, Japan).

Methods. Forty-nine pregnant mice each received a single
s.c. injection of urethan, 1.0 mg/g body weight, on Day 7, 9,
ii, 13, 15, 17, or 19 of gestation. Their offspring were
separated from them 4 weeks after birth and were maintained
on Mouse Diet CA-i (CLEA Japan Inc., Tokyo, Japan) and
water. Mothers and their offspring were sacrificed 32 weeks
after parturition, and gross pathological lesions were ex
amined, especially for tumors. After fixation in 20% neutral
formaldehyde solution, the number of tumors per lung was
counted 3 times by different investigators, and the maximum
diameter of induced lung tumors was also measured by a slide
caliper. Thereafter, tumors were subjected to microscopic
examination by serial sections. Fetal lung of the concurrent
control groups was weighed after fixation and subjected to
microscopic examination by serial sections. Cells were counted
with the aid of an ocular micrometer (Nippon Kogaku Co.
Ltd., Tokyo, Japan).

As the basic experiments, 3 groups each of 12-week-old
male and female mice were given urethan, I .0 mg/g body
weight, s.c. Group 1 was given a single dose. Groups 2 and 3
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SUMMARY

Urethan, administered to pregnant mice at various stages of
pregnancy, induced lung tumors in their offspring with high
frequency. Consequently, the sensitivity of a lung cell to
tumor induction by urethan was analyzed in relation to its
differentiation, utilizing urethan's unique characteristics of
fast action and unrestricted placental penetration. The
sensitivity was calculated by the ratio of the number of tumors
per lung to the weight (mg) of the lung at the time of urethan
exposure, because there was a direct correlation between the
number of tumors and the weight of the lung lobe at the time
of exposure. The sensitivity of a lung cell was inversely
proportional to the degree of the differentiation of the fetal
lung. This finding is compatible with the law of BergoniÃ©and
Tribondeau for radiation biology. When urethan was given to
pregnant mice just before delivery, tumor frequency in their
offspring was 10 times higher than when given on Day 19 of
gestation. However, this contradiction disappeared when the
effective retention period of urethan in the fetus just before
birth (approximately 10 times longer than in the fetus on Day
19) was taken into account, because tumor frequency was
directly proportional to the dose of urethan and the frequency
of the treatment. In this investigation, the weight of the lung
was used as a measure of the total number of lung cells.
Therefore, an interpretation of a hit theory in a cell level may
be proposed according to these findings. Histological patterns
of induced lung tumors were correlated to the size of tumors.

INTRODUCTION

If the induction of tumors by chemicals in an organ occurs
through a mechanism similar to that of radiation action on
cells, it may be expected from the famous law of BergoniÃ©and
Tribondeau (5) that cells of an organ are more sensitive to
chemicals at an earlier stage of development than at a later
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Chart 2. Relationship between tumors per lung and size of urethan
dose. Adult male and female mice (12 weeks old) received a single s.c.
injection of urethan in the amount of 0.2, 0.5, 1.0, or 1.5 mg/g body
weight.â€” , number of tumors per lung (mean Â±S.E.); - - - -, ratio of
tumors per lung in individual mouse to the weight (mg) of lung at the
time of exposure (mean Â±S.E.). Application of t test in tumots per lung
between adjacent groups yields a p value of 0.001.

shows the relation between tumors per lung and size of dose.
The same pattern as in Chart 1 was observed. Tumors per lung
are directly proportional to the dose of urethan below 1.0
mg/g body weight, with a greater increase at a dose of 1.5 mg.
In the above-mentioned experiments, lung tumors were
induced with slightly higher frequency in males than in
females. However, this difference disappeared when the ratio
of the number of tumors per lung to the weight (mg) of lung
at the time of urethan exposure was plotted (Charts 1 and 2,
. - - -). Furthermore, there was a direct statistical correlation

between the average number of tumors per lung lobe and the
average weight (mg) of the lobe in the concurrent control
group at the time of urethan exposure, irrespective of sex,
treatment dose, and treatment frequency (Chart 3). The ratio
of the number of tumors per lung lobe to the weight of the
lobe was directly proportional to the treatment dose and
frequency of urethan (Chart 3, slopes).

Sensitivity of a Developing Lung Cell for Tumor Induction

Fetal lung appeared on Day 12 of gestation, and grew
rapidly until Day 17. Thereafter, growth rate showed a marked
decrease. Histologically, bronchial and bronchiolar elements
proliferated very actively from Day 13 to Day 15 (Table 1;
Figs. 1 to 4). When fetal lung was exposed to urethan at
various stages of development, tumors were detected in lung
with high frequency, and the ratio of tumors per lung in the
offspring to the weight (mg) of fetal lung on exposure day was
inversely proportional to the degree of differentiation from
Day 13 to Day 19 (Chart 4). When urethan was given to
pregnant mice just before delivery (within 12 hr), tumor
frequency in the offspring was 10 times higher than when
urethan was given on Day 19 (over 36 hr before delivery). This
contradiction disappeared when the ratio was divided by the
effective retention period of urethan in the fetus just before
birth, the effective retention period being approximately 10
times longer than in the fetus inside the mother (Tables 2 and
3).

were given 2 and 3 doses, respectively, with 4 days between
doses. Four more groups, each of 12-week-old male and female
mice, were given s.c. injections of urethan, 0.2, 0.5, 1.0, and
1.5 mg/g body weight, respectively. All groups were sacrificed
32 weeks after injection. After fixation in 20% neutral
formaldehyde solution, the number of tumors per each lung
(or lobe) was counted as described above. Lung lobes of
12-week-old male and female mice in the concurrent control
groups were weighed after fixation. Tumors per lung (or lobe)
were used to indicate the possible number of hits per lung (or
lobe) at the time of urethan injection. Weight of lung (or lobe)
was used as a measure of the total number of lung cells,
because cellularity of lung tissue has been shown to be
approximately equal at any age (38). Relative sensitivity of a
developing lung cell for tumor induction was calculated as the
ratio of the number of tumors per lung to the weight (mg) of
lung in the concurrent control group at the time of urethan
exposure.

RESULTS

Lung Tumor Induction by Changing Urethan Treatment

Lung tumors were induced when urethan, 1.0 mg/g body
weight, was administered to 12-week-old male and female mice
according to the explained schedule. There was a linear
increase in tumors per lung up to the 2nd dose, and after the
3rd dose the increase was greater, as shown in Chart 1. Chart 2
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Chart 1. Relationship between tumors per lung and frequency of
urethan exposure. Adult male and female mice (12 weeks old) received
1, 2, or 3 s.c. injections of urethan (1.0 mg/g body weight).Figuresin
parentheses, incidence of lung-tumor-bearing mice per survivors 32
weeks after treatment.â€” , number of tumors per lung in male and
female mice; - - - -, ratio of tumors per lung in individual mouse to the
weight (mg) of lung at the time of exposure (mean Â±S.E.). Weight of
I7 male and 18 female mice (12 weeks old) in the concurrent control
groups was 320.1 Â±12.7 and 244.0 Â±5.3 mg, respectively (mean Â±
S.E.). Application of t test in tumors per lung between adjacent groups
yields a p value of 0.001.
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Weight and cellularity offetal lung at various stages of development
Pregnant mice were sacrificed on Day 13, 15, 17, 19, or just before delivery. Each 10 fetal lungs were

weighed after fixation in 20% neutral formaldehyde solution (mean Â±S.E.), and they were subjected to
microscopic examination by serial sections as thin as 6 @m.The number of cells per field, 250 sq pm, were
counted by an ocular micrometer with 400-fold magnification. Cells were classified into 3 groups. The 1st
was epithelial cells of bronchial and bronchiolar elements (A), the 2nd was other fetal lung cells (B), and
the 3rd was blood cells (C). Each value shows the average number of cells in 10 fields (mean Â±S.E.).No.

of cells/250 sq j@moflung tissue

Stage Wt of Cell types
of fetal lung

fetus (mg) Total A BCDay

13 0.38 Â±0.04 1027.2 Â±41.0 167.4 Â±38.5 717.0 Â±46.5 142.8 Â±51.2
Day 15 7.58 Â±0.60 1220.7 Â±40.0 237.9 Â±23.1 862.6 Â±55.9 99.3 Â±11.4
Day 17 26.6 Â±2.3 1081.8 Â±28.9 149.5 Â±9.6 920.5 Â±30.3 11.8 Â± 1.8
Day 19 31.1 Â±3.5 1126.3 Â±68.2 83.3 Â±16.4 1034.4 Â±70.4 8.6 Â±0.6
Just before 34.4 Â±2.8 1068.2 Â±70.9 69.0 Â±18.4 991.6 Â±88.0 7.6 Â±0.8

birth
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Tumor Sensitivity ofDeveloping Lung Cell

of Grady (1 1), Shimkin and Polissar (33), and Kimura (14).
Alveolar Lining-type (AL). This type of tumor was small

and consisted of round or cuboidal cells partially or
completely lining the septums of several adjacent alveoli. Cells
were eosinophiic with a single round nucleus. There was a
resemblance between tumor cells and bronchiolar lining cells
(Fig. 5).

Transitional Type 1 (Tr-1). The tumor consisted of closely
packed, curving, and sometimes sinuous columns of cuboidal
or round cells, and scanty spaces were observed between
adjacent columns. The tumor cells were identical to those
described in AL type (Fig. 6).

Transitional Type 2 (Tr-2). The same cells as Tr-l began to
form papillary structures (Fig. 7).

Papillary Type 1 (Pap-i). The tumor consisted of a single or
a few layers of columnar cells that were slightly basophiic and
resembled glandular epithelium. Nuclei were oval with poor

Chart 4. Tumor frequency in the offspring of mice receiving urethan
at various stages of pregnancy, and relative sensitivity of a developing
lung cell for tumor induction. Numbers in parentheses, incidence of
lung-tumor-bearing offspring per survivors.â€” , tumors/lung (mean Â±
S.E.) in the offspring. JBB, group of offspring that received urethan just
before birth (within 12 hi). Relative sensitivity of a developing lung cell
for tumor induction (- - - -) was calculated as the ratio of the number of
tumors per lung in individual offspring to the average weight (mg) of
fetal lung in the concurrent control groups (Table 1) at the time of
exposure (mean Â±S.E.). Calculation of the sensitivity of the fetal lung
just before birth (Group JBB) is detailed in the text.
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Histological Patterns of Induced Lung Tumors

Histological classification of lung tumors (adenoma and
adenocarcinoma) was performed following the classifications

WEIGHT@ LUNGLO8(1mg)ATT((&OFEXPOSURE

Chart 3. Statistical correlation between tumors per lung lobe and
weight of lung lobe at time of urethan exposure. Adult male and female
mice (12 weeks old) received 1 (A), 2 (B), or 3 (C) s.c. injections of
urethan in a dose of 1.0 mg/g body weight with 4 days between doses
or received a single s.c. urethan injection of 0.2 (D), 1.0 (F), or 1.5 (F)
mg/g body weight. The number of mice treated is shown in Charts 1
and 2. They were sacrificed 32 weeks after treatment, and the number
of tumors per each lung lobe in male (., u, @)and female (o, o, @o)mice
was counted as shown in â€œMaterialsand Methodsâ€•(mean Â±S.E.). Each
lung lobe (upper, middle, lower, median, and left lobes) of 17 male and
18 female mice (12 weeks old) was weighed after fixation in 20%
neutral formaldehyde solution (mean Â±S.E.). Slope was calculated as
the ratio of the number of tumors per lung lobe in each mouse to the
average weight of its respective lung lobe at the time of urethan
exposure (mean Â±S.E.). r values and slopes were calculated as follows:
A and E, 1.0 mg, r 0.895 (p < 0.001), slope 0.0255 Â±0.0028;B, 2
injections of 1.0 mg each, r 0.931 (p < 0.001), slope 0.0525 Â±
0.0041 ; C, 3 injections of 1.0 mg each, r = 0.982 (p < 0.001), slope =
0.177 Â±0.024; D, 0.2 mg, r 0.924 (p < 0.001), slope = 0.0080 Â±
0.0009; F, 1.5 mg, r 0.986 (p <0.001), slope = 0.0785 Â±0.0047.
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Time of treatment
(day of gestation)Av.

dpm/mg wet wt in 3 experimentsRatio

of radioactivityâ€•
(fetus/mother)MaternallungFetallungDay

13228.2 (l.0O)@'254.4 (1 .00)1 .11Day
15217.8 (0.95)249.4(0.98)1.15Day
17249.2 (1.09)289.3(1.14)1.16Day
19335.7 (1.47)319.3(1.26)0.95Just
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Time of treatment
(Day of gestation)Av.

half-life (hr) in2experimentsMaternal

lungFetallungDay

131.71.8Day
151.82.0Day
172.02.1Day
192.42.6Justbeforedelivery2.419.7
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Table 2
Radioactivity ofurethan-carbonyl-'@ C in the lung tissue ofpregnant mice and

their fetuses at various stages of pregnancy
Radioactivity in lung tissue of pregnant mice and their fetuses was measured 2 hr after s.c.

injection of urethan-carbonyl-'@ C, 0.2 @oCi(0.568 @ig)/gbody weight (specific activity, 31.4
mCi/mmole; Department des Radioelements, France), into pregnant mice on Day 13, 15, 17, or
19 of gestation or 1.5 hr before delivery.

a Details of radioactivity measurements are given in a previous paper (24).
b Figures in parentheses, ratio of radioactivity in the maternal or fetal lung to that in Day 13

mothers or fetuses, respectively.
C Radioactivity in the newborn's lung was measured 0.5 hr after birth (i.e., 2.0 hr after s.c.

injection of labeled urethan).

Table 3
Dewmposition rate of -c4 C in the lung tissue of

mothers and their fetuses at various stages of pregnancy
Radioactivity (dpm/g wet weight) was measured 1, 2, 4, and 6 hr

after s.c. injection of urethan-carbonyl-'@ C, 0.2 @Ci/gbody weight. As
for the group just before delivery, fetuses were delivered 1.5 hr after
injection, and they were foster-nursed by nontreated lactating mothers.
Offspring were sacrificed 0.5, 3, 6, 12, 24, and 48 hr after birth, and
radioactivity of the lung tissue was measured. Details of radioactivity
measurements are given in a previous paper (24).

/@
OFFSPRING,MEANÂ±SE

@ MOTHER.MEANÂ±SE

AL Tr-1 Tr'@2 Pap-i

HISTOLOGICAL PATTERNS

Chart 5. Relationship between histological patterns and diameter of
induced lung tumors in mothers and their offspring. Diameters of all
lung tumors induced in 4 mothers and 32 offspring receiving urethan on
Day 15 of gestation were measured by a slide caliper, and tumors were
subjected to microscopic examination by serial sections. Abbreviations
of histologicalpatterns are shown in the text.

DISCUSSION

Unlike radiation, chemicals possess the following disad
vantages for investigating the sensitivity of cells in experimen
tal animals: (a) decomposition rate is different in each organ
and at different ages (7, 9, 18, 34), and some chemicals need
converting enzyme to form active intermediates (4, 10); (b)
chemicals, especially slightly water-soluble agents, do not
distribute uniformly in all organs (13, 34); and (c) the
placental barrier is not ignored if chemicals are given during
pregnancy (3, 29, 34, 36). However, the major difference
between the effects of chemical carcinogens and those of
radiation is that tumors are detected in many organs with high

chromatin. These cells formed papillary or linear structures
(Fig. 8).

Papillary Type 2 (Pap-2). Destruction of papillary structures
was observed; in keeping with the classification, over S mitotic
cells per field (X400) were observed and/or there was invasion
of pleura, mediastinum, or diaphragm (Figs. 9 and 10).

There was a correlation between the histological patterns
and the diameters of induced lung tumors, as shown in Chart
S. When tumors were larger, histological patterns changed
from AL to Tr-1 , from Tr-l to Tr-2, and from Tr-2 to Pap-i.
The offspring of mice treated on Day 15 bore larger tumors
irrespective of the histological patterns (Chart 5). The
incidence of papillary-type tumors in the Day 15 urethan
treated group was higher in the offspring than in their mothers
(Table 4; p =@ 0.025). This might be due to the higher
incidence of large tumors (over 2.0 mm in diameter, p @=i0.03;
Table 4), because 9 of 13 tumors over 2.0 mm in diameter in
the offspring and 3 of 5 tumors in their mothers were of the
papillary type, and there was no difference in the proportion
of papifiary-type tumors (p @=i1.0; Table 4).
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Table 4
Histological patterns ofinduced lung tumors and their incidences in mothers and

their offspring treated with urethan on Day 15
Diameters of all lung tumors induced in 4 mothers and 32 offspring receiving urethan on Day

15 were measured by a slide caliper, and the tumors were subjected to microscopic examination
by serial sections. Histological patterns were classified in keeping with criteria described in the
text.

a There was a significant difference in the incidence of papillary-type tumors between
mothers and their offspring (p@ 0.025).

b There was a significant difference in the incidence of large tumors over 2.0 mm in diameter
between mothers and their offspring (p@ 0.03). However, there was no difference in the
proportion of papillary-type tumors between these 2 groups (p@ 1.0).

frequency after administration of chemicals. It has been
assumed by several investigators that newborn mice are more
sensitive to chemicals, because tumors are induced in them
with high frequency (8, 26, 37). The slower decomposition
rate of chemicals in the younger animals should be evaluated
more carefully, because tumor frequency is directly propor
tional to the treatment dose and frequency (Charts 1 and 2).
For example, the catabolic rate of urethan (7, 18) and
dimethylbenz(a)anthracene (9) in newborns is one-tenth of the
rate in adults. However, this variance may be ignored when
embryonic cells are exposed to urethan, because urethan
possesses unique characteristics that permit the study of the
differential sensitivity of a developing lung cell for tumor
induction. When given to pregnant mice, urethan passes
through the placental barrier freely and is uniformly distrib
uted in all organs, tissue, and body fluid of both pregnant mice
and their fetuses at any stage of pregnancy (24), although
slightly water-soluble carcinogens have difficulty reaching
fetuses (3, 29, 34, 36). Furthermore, toxic activity of urethan
is limited to a short period of about 24 hr after treatment
(24). The placental barrier may be ignored because of this
unrestricted placental penetration of urethan coupled with its
fast action, thus facilitating accurate timing of the fetal
disturbances and accurate calculation of doses actually
reaching the fetus. These characteristics are identical to those
of radiation (28).

Tumors were detected in the lung with high frequency after
urethan treatment during organogenesis and fetal growth (21,
23). Similar findings were reported with ethylnitrosourea (27).
However, the incidence curve of tumors (Chart 4) was
different from the curve expected from the law of BergoniÃ©
and Tribondeau (5). The incidence of lung tumors increased

gradually when urethan was given at a later stage and reached
the maximum just before birth. This superficial contradiction
disappeared as shown in Chart 4 by the curve of the lung-cell
sensitivity for tumor induction, where the tumor frequency
has been replotted in terms of the ratio of the number of
tumors per lung to the weight of the fetal lung on exposure
day. It may be concluded from this relative cellular sensitivity
curve that the sensitivity of a lung cell to neoplasm by urethan
increases inversely with the degree of its differentiation. This
indicates that low-differentiated and rapidly dividing cells are
more sensitive to tumor induction by chemicals. This finding is
compatible with the famous law of BergoniÃ©and Tribondeau
(5) for radiation biology and also is compatible with the
findings that regenerating liver is more susceptible to tumor
induction (6, 16). However, there remains one unsolved
problem. When urethan was injected into pregnant mice just
before delivery, the offspring bore an enormous number of
tumors (15 , 17, 23). Similar findings have been reported with
other carcinogens (2, 19, 35, 36). Therefore, it has been
assumed that urethan penetrates the placental barrier more
easily when given just before delivery (1 5, 17) and also that
fetal lung tissue at the late stage of its development is
extremely sensitive to urethan (27). As previously reported
(24), urethan can pass through the placental barrier freely at
any stage of pregnancy. Furthermore, the latter assumption is
not supported by the following findings. When urethan was
injected into pregnant mice just before delivery and the
offspring were foster-nursed by the nontreated lactating
mothers in order to exclude the milk factor, the trans
placentally transferred urethan remained in the lung of
newborns far longer (24), approximately 10 times longer than
the lung of the fetus inside the mother (Tables 2 and 3),
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probably because of the slow decomposition of urethan in
newborns (7). If this difference in the effective retention
period of urethan activity in the lung between the fetus on
Day 19 and the fetus just before birth is taken into account
(because tumor frequency is proportional to the treated dose
and frequency of urethan treatment) (Charts 1 and 2), then
the lung of the fetus just before birth is no more sensitive to
tumor induction by urethan than is the lung of the fetus on
Day 19 (Chart 4). However, some problems remain to be
elucidated in the future. For assessing the actual sensitivity of
a developing lung cell, the actual dose of urethan binding to
DNA and the actual number of target cells in the lung should
be taken into account.

A specific histological pattern (papifiary type) was observed
in higher incidence in the offspring of mice treated on Day 15.
Therefore, the author has proposed a direct correlation
between papillary-type tumors and the fetal stage of the lung
at the time of urethan exposure (23), because cells of
papillary-type tumors resemble those of rapidly proliferating
bronchial elements. However, a correlation between histologi
cal patterns and size of induced tumors (Chart 5) might
suggest that the higher incidence of papillary-type tumors is
due to the higher incidence of large tumors in the Day 15
urethan-treated offspring, because there was no difference in
the proportion of papifiary-type tumors between the Day 15
urethan-treated offspring and their mothers (Table 4). Kimura
(14) reported that histological patterns of lung tumors might
be correlated to the incubation periods. There might be a
direct correlation between the incubation periods and the size
oftumors(33).

Lung tumors in mice possess various advantages for use in
assessing carcinogenicity of chemicals: (a) these tumors are
induced by almost all carcinogens (26, 30â€”33); (b) the
number of tumors reaches the maximum as early as
approximately 10 weeks after treatment, and then remains at
that level (32, 38), although the size of tumors increases
gradually as time elapses (33); (c) tumors can be evaluated
quantitatively in the case of counting bacterial colonies (Fig.
11); and (d) they are transformed into malignant tumors. The
author found that tumor frequency was directly proportional
to the weight of the lung at the time of urethan exposure
(Chart3).Furthermore,tumorfrequencyperunitmassofthe
lung (mg) at the time of exposure was directly proportional to
the dose of urethan and the frequency of the treatment
(Charts 1 and 2) and inversely proportional to the degree of
differentiation (Chart 4). In this investigation, weight of the
lung was used as a measure of the total number of lung cells.
Consequently, an interpretation of a hit theory in a cell level
may be proposed according to these quantitative data. In a
cultured cell line, the same findings are reported by Kakunaga
(12), i.e., that transformation frequency is proportional to the
number of cells inoculated. The maximum transformation
frequency per lung cell at the time of exposure was calculated
as follows.3 Number of lung cells per unit mass (mg) of the

3 Lung was weighed after fixation in 20% neutral formaldehyde

solution and its specific gravity was measured. Lung specimen was
submitted to microscopic examinations by serial sections (as thin as 6
@sm),and lung cells with any size nuclei were counted with the aid of an

ocular micrometer.

lung (C) was given by the following equation, which is an
application of the formula of Abercrombie ( 1) for the
estimation of cell population (25).

N 1
C= xâ€”

(d+Q)S p

N is the average number of lung cells that were counted in the
field [S (sq mm)] of a microscope; S is the field (sq mm); d is
the average diameter of lung cell nuclei (mm); Q is the
thickness of the serial section of the lung (mm); and p is the
specific gravity of the lung (mg/cu mm). Therefore, transfor
mation frequency per lung cell (M) was given by

M=T/(CX W)

in which T is the number of tumors per lung and W is the
weight of the lung (mg) at the time of exposure. In the case of
the Day 13 fetus, N 884.4 Â±38.6 (Table 1, Columns A and
B), d = 0.0089 Â±0.0002 (mean Â±S.E.,n 100), Q = 0.006, S =

(0.25)2 (see â€œMaterialsand Methodsâ€•),p = 1.07914 Â±0.00026
(ii 7), T = 0.52 Â±0.20 (n = 39, Chart 4), W = 0375 Â±0.035

(n 10). Thus, the number oflung cells per mg was 8.8 X i05,
and transformation frequency per lung cell on exposure day
(Day 13) was 1.58 X 106 . This value is lower than that in
cultured mouse embryo cell line (transformation frequency
per inoculated cell, iO'@@ iO@ ) (12). However, Kakunaga
(12) reported that when cells in an inoculum of more than i0@
cells per plate were treated the obvious decrease in transforma
tion frequency was observed. Furthermore, lung tissue consists
of several kinds of cells and target cell may be a part of them,
contrary to the cultured cell line.
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Fig. 1. Fetal lung on Day 13. Large bronchial elements (B) and many normoblasts (arrows) are seen. H & E, X 350.
Fig. 2. Fetal lung on Day 15. Bronchial (B) and bronchiolar (arrows) elements are proliferating very actively. H & E, X 350.
Fig. 3. Fetal lung on Day 17. Cells of nonbronchial and nonbronchiolar elements occupy the large parts. H & E, X 350.
Fig. 4. Fetal lung on Day 19. Some bronchiolar elements and alveoli are filled with ammon (arrows), probably due to the intake of amnion at

thetimeofsacrifice.H&E,X 350.
Fig. 5. Alveolar-liningtype of lung tumor. H & E, X 200.
Fig. 6. Transitional type 1. H & E, X 200.
Fig. 7. Transitional type 2. H & E, X 200.
Fig. 8. Papillary type 1. H & E, X 200.
Fig. 9. Papillary type 2. H & E, X 200.
Fig. 10. Metastatic lesions of primary lung tumor. Many white tumors are seen on the parietal pleura (arrows).
Fig. 11. Lung tumors. Tumor-bearing lung was fixed in 20% neutral formaldehyde solution or a solution of ethanol and formaldehyde (9:1).

Bacterial colonies of white lung tumors are easy to count, even if they are very small, because normal lung tissue is contracted and colored brown
by these fixative solutions.
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