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Abstract. Differential labeling of sister chromatids was achieved simul-
taneously in murine alveolar macrophages, regenerating liver, and bone mar-
row cells of partially hepatectomized mice as well as in alveolar macrophages
and bone marrow cells of nonhepatectomized mice. The mean frequency
of SCE/cell +S.D. and the percentage of second division cells for each
cell type were determined. No significant differences in mean frequencies
of SCE/cell were observed among the cell types or between hepatectomized
(alveolar macrophages — 3.6+2.2, bone marrow —3.4+2.2; regenerating
liver — 3.6 +2.4) and nonhepatectomized (alveolar macrophages —3.4+1.9;
bone marrow — 2.9+ 1.8). Although the percentage of second division cells
was dependent upon cell type, no significant differences were apparent be-
tween hepatectomized (alveolar macrophages — 57+8%; bone marrow —
37+ 6% ; regenerating liver — 65+ 6%) and nonhepatectomized mice (alveo-
lar macrophages — 53 + 6% ; bone marrow — 36 +4%). Comparisons between
BrdU treated and nontreated nonhepatectomized mice revealed no signifi-
cant alteration in mitotic yields.

Introduction

In vivo BrdU labeling of chromosomes for demonstration of sister chromatid
exchange (SCE) promises to be a valuable means of evaluating cytogenetic
toxicity of chemical agents whose activities depend upon host alteration (Allen
and Latt, 1976; Vogel and Bauknecht, 1976). Investigation of specific cellular
accessibility and susceptibility is facilitated by the availability of techniques
for effecting SCE in murine bone marrow (Allen and Latt, 1976; Schneider
et al., 1976; Vogel and Bauknecht, 1976), spleen (Allen et al., 1977) spermatogo-
nia (Allen and Latt, 1976) and, most recently, regenerating liver cells (Conner
et al., 1978). Since relative cellular sensitivities depend on tissue residence and
metabolic capability, analysis of induced SCE in a variety of critical tissue
cells, harvested simultaneously from the same animal, is expected to further
enhance the value of this in vivo assay.
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The mammalian lung occupies a unique position as a portal of entry between
the organism and its environment and, as such, is directly susceptible to mutagen-
ic/carcinogenic action of hazardous airborne agents. Furthermore, a rich pul-
monary vascular blood supply makes it a target for many indirectly acting
mutagens. In recent years, the lung has also gained recognition as an organ
of importance in the metabolism, disposition and/or accumulation of xenobiotic
agents (Philpot et al., 1977; Hook and Bend, 1976).

The most readily accessible (by pulmonary lavage) and, therefore, most
extensively studied lung cell is the alveolar macrophage which is normally adher-
ent to the alveolar walls where it serves as a major defender against foreign
materials, including particulate matter. In the present investigation, we describe
a method for simultancously effecting SCE in murine alveolar macrophages,
regenerating liver, and bone marrow cells of hepatectomized mice, as well as
in alveolar macrophages and bone marrow cells of nonhepatectomized mice.
Baseline SCE levels are presented for each cell type.

Materials and Methods

All mice used in this study were 3 month old BDF, males (27-32g) from a newly established
breeding colony of parental strains, females C57B1/6J and male DBA/2J.

DNA Labeling. Mice were subjected to 2/3 partial hepatectomy between 11:00 a.m. and noon.
On the fifth day post hepatectomy, hepatectomized and nonhepatectomized mice were given 9 hourly
injections (0.2 ml each) of BrdU (20 mg/2.2 ml saline/mouse) beginning at 3:30 p.m. through
11:30 p.m. At 7:30 a.m. the following day, each mouse was given an i.p. injection of 100 ug of
colchicine, followed by sacrifice by cervical dislocation at 11:30 a.m. Liver (from hepatectomized
mice only) and/or bone marrow cells were isolated, harvested, and stained as previously described
(Conner et al., 1978).

Alveolar Macrophage Isolation. Following removal of the femurs and liver, the trachea and lungs
were exposed by careful excision of the rib cage. A cannula was inserted, via an incision, into
the trachea and tied securely. The trachea and lungs were then excised from the chest cavity
and dissected free of the thymus and heart. Following removal of external blood by briefly dipping
the lungs in water, they were placed in a funnel such that the cannula extended beyond the
stem of the funnel which in turn was supported in a rack above a beaker. The lungs were fully
inflated (approximately 2.5 ml) with calcium and magnesium free Hank’s solution (pH 7.4, 37°C)
from a 10cm?® syringe attached to the cannula via a 20 gange needle. The syringe was supported
over the beaker and the lungs left inflated until the lungs from all of the mice were excised
and inflated. The lungs were then drained, massaged gently and reinflated. This process was repeated
using a total of 20 ml of Hank’s solution. Subsequent treatment of cell suspension and preparation
of slides were identical to that of bone marrow (Conner et al., 1978).

Analysis of Slides. In order to establish baseline values, the described simultaneous cell harvests
were performed several times over a period of 6 weeks and include a total of 10 hepatectomized
and 10 nonhepatectomized mice. For each cell type from each animal, 30 cells were scored for
number and distribution of SCE. In addition, 100 cells of each type were examined for percentage
of second division cells.

A semiquantitative comparison of alveolar macrophage mitotic yields from 6 BrdU treated
and 6 nontreated nonhepatectomized mice was performed by counting the total number of meta-
phases on the first of four slides prepared from each animal. Relative cell densities were estimated
by counting the total number of cells and metaphases in 12 corresponding, randomly chosen
fields (40 x objective). If necessary, additional corresponding, randomly chosen fields were counted
to obtain an estimate of the total number of metaphases present in 1,000 cells.
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Results

Following sacrifice at 20 h after the first of 9 hourly BrdU injections, differential
labeling of sister chromatids was achieved simultaneously in alveolar macro-
phages, regenerating liver, and bone marrow cells of partially hepatectomized
mice as well as in alveolar macrophages and bone marrow cells of nonhepatec-
tomized mice. The mean frequency of SCE/cell+S.D. and the percentage of
second division cells for each cell type are presented in Table 1. No significant
differences in mean frequencies of SCE/cell were oberserved among the cell
types or between hepatectomized (alveolar macrophages — 3.6+ 2.2; bone mar-
row — 3.4+2.2; regenerating liver — 3.6+ 2.4) and nonhepatectomized mice
(alveolar macrophages — 3.441.9; bone marrow — 2.9 + 1.8). Although the per-
centage of second division cells was dependent upon cell type, no significant
differences were apparent between hepatectomized (alveolar macrophages —

Table 1. Mean SCE/cell+S.D. (scored in 30 cells) and percentage second division cells (scored
in 100 cells) in alveolar macrophages, bone marrow and liver cells of hepatectomized mice and
alveolar macrophages and bone marrow cells of nonhepatectomized mice

Animal Alveolar macrophages Bone marrow Liver

Hepatectomized: Mean % 2nd Mean % 2nd Mean % 2nd
SCE/cell division SCE/cell division SCE/cell division
+S.D. cells +S.D. cells +S.D. cells

H, 45427 58 45+33 26 3.2+2.6 62

H, 45+24 73 22414 35 44+1.6 65

H; 43432 65 42423 42 4.1+3.7 73

H, 3.9+2.1 62 2.6+2.0 45 3.1+22 70

Hs 3.1+23 54 3.7+2.1 26 3.5+25 66

Hg 26+1.3 45 42425 39 3.7+3.0 58

H, 35+1.1 58 32420 44 32415 70

Hg 34+15 53 3.6+1.8 38 3.842.1 70

H, 32+1.5 55 3.0+20 36 3.5+2.2 64

Hi, 31+1.6 59 2.6+1.7 36 3.5+2.1 54
3.6+22 57+8 34+22 3716 3.6+2.4 65+6

Nonhepatectomized:

Ny 34+1.7 57 26+13 32

N, 33+£20 49 21+1.2 32

Ny 38+1.6 64 34420 40

N, 39+1.8 43 3.0+1.8 35

N, 3.0+2.0 49 29+1.5 30

N 34418 52 2.5+1.6 42

N, 3.5£24 54 43+28 42

Ng 3.7+24 59 2.5+14 37

N, 32416 S5 33+1.8 33

Nio 29+1.6 S3 23+1.2 38

34+1.9 53+6 29+138 36+4
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Table 2. Total metaphase yield; total number of cells in 12 corresponding randomly chosen fields
(40 x objective); and number of metaphases/1,000 cells as determined on the first alveolar macro-
phage slide from each mouse. (Each group includes 6 nonhepatectomized mice)

Total number Total number Metaphases/1,000 cells
metaphases/slide cells/12 fields mean (range)
mean (range) mean (range)

BrdU treated 144 (44-271) 617 (460-933) 0.7 (0-3)

No BrdU 118 (19-226) 707 (229-1,030) 2.2(0-5)

57+ 8% ; bone marrow — 37 + 6% ; and regenerating liver — 65 + 6%) and nonhep-
atectomized mice (alveolar macrophages — 53+ 6% ; bone marrow — 36 +4%).

Comparisons were made between BrdU treated and nontreated hepatectom-
ized mice to determine whether BrdU incorporation significantly affects the
mitotic yield of alveolar macrophages. Because the relatively low mitotic indices
of alveolar macrophage preparations were found to vary considerably among
animals, slides, and regions of the same slide, semiquantitative comparisons
of mitotic yield and relative cell densities were made. The total number of
metaphases counted on the first alveolar macrophage slide from each animal,
the total number of cells counted in 12 corresponding, randomly chosen fields
(40 x objective), and the number of metaphases/1,000 cells (determined in corre-
sponding fields) are presented in Table 2. Incorporation of BrdU does not
appear to significantly alter the mitotic yield or relative cell density of macro-
phage preparations.

Discussion

Despite the relatively low mitotic indices in alveolar macrophage preparations
from BrdU treated as well as nontreated mice, sufficient mitotic yields were
consistently obtained for assessment of percentage of second division cells in
100 metaphases and SCE scoring in 30 metaphases per mouse. Such metaphase
yields are in contrast to chromosomal studies of radiation chimeras which,
in spite of macrophage stimulation by ether and Freund’s adjuvant, produced
a maximum of only 15 mitoses/animal (Pinkett et al., 1966). Besides the possible
deleterious effect of radiation on mitosis, several variations incorporated into
our harvest procedure may explain the substantially higher metaphase yields.
Whereas divalent calcium and magnesium ions appear to play a critical role
in adhesion of alveolar macrophages to alveolar walls, the presence of these
cations has been implicated as the cause of decreased total cell yields from
lungs (particularly of small rodents) lavaged with balanced salt solutions as
compared to physiological saline (Brain et al., 1977). Serial washings with saline
and gentle massage of the lungs also resulted in more efficient cell lavage
(Brain etal., 1977). It is not surprising, therefore, that increased mitotic yields
should also result from combined massage and serial washes using calcium and
magnesium free Hank’s solution.
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The alveolar macrophage cell cycle time observed in this study (2 cycles
in 20 h) compares favorably with that of 9.2 h, estimated from >H-thymidine
uptake in NO, stimulated macrophage production (Evans et al., 1973). Although
the apparent similarities in cycling characteristics of alveolar macrophages,
regenerating liver, and bone marrow are suggestive of their potentially common
hematopoietic origins (Van Furth, 1970), such rapid cycling times are more
consistent with local proliferation of lung and liver cells rather than migration
and maturation of bone marrow precursors. Application of BrdU labeling ki-
netics in this multicellular system should permit complete evaluation of local
tissue macrophage stimulation and marrow recruitment following exposure to
chemical agents.

Perhaps the greatest value of this multicellular assay is simultaneous assess-
ment of relative mutagen induced effects in a variety of critical tissues. By
virtue of their different tissue residences, alveolar macrophages, regenerating
liver, and bone marrow cells are expected to reflect metabolic and functional
capabilities unique to their positions in specified organs.
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