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Metaphase chromosomes of cells which
have undergone two cell cycles in 5-bromo-
deoxyuridine (BUdR) containing medium
can be stained differentially by the fluoro-
chrome Hoechst 33258 (1) and by Giemsa
after special pretreatment (2). Applying this
technique, sister chromatid exchanges (SCE)
can easily be seen as a distinct reciprocal
exchange of segments at homologous loci
between two chromatids and therefore can be
used for quantitative analysis. Several studies
have suggested the induction of SCE be used
as an indicator for screening certain classes
of suspected environmental mutagens or car-
cinogens (3-14).

It is well known that most carcinogens and
many mutagens require metabolic activation
(15). Thus, SCE studies in vitro may under-
estimate potential mutagenic and possibly
carcinogenic compounds under test. In vitro
assays can be made more sensitive by the
addition of liver microsome extracts to the
cultures, these extracts can convert otherwise
inactive substances into active agents (16-18).
Since there are chemicals, however, that re-
quire activation by enzymes not present in
liver extracts, either lost in preparation of the
extract or found in organs other than the
liver, this in vitro test would still prove insen-
sitive to many chemicals. A transfer of the
SCE test from in vitro to in vivo conditions
circumvents these problems and therefore im-
proves its validity as a test system for muta-
genic and carcinogenic agents active in mam-
mals and man.

Previously, we have described a modified
host-mediated system which includes implan-
tation of diffusion chambers (DC) containing
human or Chinese hamster cells into the per-
itoneal cavity of mice. The effects of chro-
mosome aberrations and SCE on the target
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cells in DC after injecting the hosts with the
indirect mutagen cyclophosphamide (Cy)
were studied (19-22). The present paper de-
scribes our further study on the effect of a
group of seven promutagens/carcinogens in-
cluding Cy and three nonmutagens/non-
carcinogens on the frequency of SCE in
Chinese hamster V-79 cells cultured in DC in
mice.

Materials and Methods. Chinese hamster
cell line V-79 was used, it was obtained from
Dr. C. C. Chang, Michigan State University,
East Lansing, Michigan. The cells were
grown in Eagle’s minimum essential medium
supplemented with 10% fetal calf serum with-
out antibiotics. The modal chromosome num-
ber of V-79 cells was 21. The seven promu-
tagens/carcinogens tested were: Cy (Mead
Johnson Laboratories, Evansville, Indiana),
1-(pyridyl-3)-3,3-dimethyltriazene  (PyDT,
gracious gift from Dr. R. Preussman, Frei-
burg, Germany), dimethylnitrosamine
(DMN, Aldrich Biochemicals, Milwaukee,
Wisconsin),  diethylnitrosamine  (DEN),
benzo(a)pyrene (BP), 7,12-dimethylbenz(a)-
anthracene (DMBA) and 3-methylcholan-
threne (MCA, all from Eastman Kodak Co.,
Rochester, NY). The three nonmutagens/
noncarcinogens used as negative controls
were: pyrene (Py), anthracene (An, also from
Eastman Kodak Co.) and perylene (Pr, from
K & K Laboratories, Long Island City, NY).
Cy, PyDT, DMN and DEN were dissolved
in sterile water while all the other chemicals
were dissolved in dimethyl sulfoxide
(DMSO) at the appropriate concentrations.

The technique of DC culture was used as
described elsewhere (19-22). A dry-sterilized
DC was filled with 0.33 ml of a suspension
containing approximately 10° cells. Each DC
was then implanted into the peritoneal cavity
of a 6 to 8-week old C3H/St mouse under
ether anesthesia. Three days after DC im-
plantation the mice received 6 hourly injec-
tions (ip) of 0.2 ml of BUdR solution (% X
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FiG. 2. (a) Metaphase chromosomes from the Chinese hamster cell line V-79 cultured in DC in a mouse without
treatment of chemicals; it has 6 SCE’s. (b) A metaphase from the Chinese hamster cell line V-79 in DC in a mouse
treated with Cyclophosphamide (Cy) at 15 pg/g of bw. It has 36 SCE's.

ine and hexabarbital (24). Rat liver DEN
diethylase activity has also been shown to be
enhanced by various inducers of drug metab-
olizing enzymes (29). Thus, the possibility
exists that Aroclor 1254 treatment may cause
an enhancement of this and other enzymes
involved in DEN metabolism. This induction
may then allow adequate amounts of active
agents to reach the V-79 target cells, resulting
in increased formation of SCE, a phenome-
non not observed in the absence of Aroclor
1254 injection.

SCE analyses of the two carcinogens DMN
and DEN have been studied in cultured
Chinese hamster cells (16) and human lym-
phocytes (14). No increase in SCE frequency
was observed in both systems. However, a
significant increase was seen in Chinese ham-
ster cell cultures when liver microsomes were
included in the test of these two compounds
(16). Similar to the results observed in this
study, the rate of SCE increase by DEN was
much less than that of DMN. Bauknecht et
al. (11) studied the effect of SCE in mouse
bone marrow cells in vivo after injections of
DMN and DEN. They also found a signifi-
cant SCE increased induced by DMN but not

DEN.

PyDT is an effective SCE inducer (Table
I, Fig. 1). To our knowledge, the effect of this
indirect carcinogen on SCE in mammalian
cells either in vitro or in vivo has not been
investigated. Bauknecht et al. (11) studied
SCE induction by another triazene dimethyl-
phenytriazene in mouse bone marrow cells in
vivo. An increase incidence of SCE was also
observed but only at a relatively high dose.

Effect of SCE by the carcinogenic hydro-
carbons, BP, DMBA, and MCA have also
been investigated before in cultured Chinese
hamster cells (13), in human lymphocytes
(14) and in Chinese hamster bone marrow
cells in vivo (12). In the Chinese hamster cells
in vitro, Popescu et al. (13) found no increase
in SCE frequency using these agents. When
the metabolizing feeder layer cells were
added to this system, all the agents induced
a large increase in SCE. BP and DMBA also
induced high frequencies of SCE in Chinese
hamster bone marrow cells in vivo (12). Un-
like Chinese hamster cells in vitro, BP treat-
ment of human lymphocytes caused a signif-
icant SCE increase (14). This may be due to
the presence of activating enzymes in the



SISTER CHROMATID EXCHANGE INDUCED in vivo BY CHEMICALS

human lymphocytes. The absence of SCE
induction by Pr and Py has also been reported
elsewhere (13).

In vivo SCE analyses have been reported
in mice, rats, Chinese hamsters, Microtus
agrestis, rabbits and man (5, 8-12, 30, 31). In
general the frequencies of “spontaneous”
SCE in vivo were less than those in vitro.
Similarly, the induced SCE frequencies by
various agents in mammalian cells in vivo
were also less than in vitro systems (3-14,
16-18). In the present study, the mean “spon-
taneous” SCE in V-79 cells in DC in mice
was 5.5 which was higher than the average
value found in Chinese hamster bone marrow
cells in vivo (12) but lower than CHO cells in
vitro (32). V-79 cells from DC in mice injected
with any one of the chemicals used in this
study generally had less than 30 SCE per
metaphase. Rarely was there a metaphase
scored with a greater value (Fig. 2). While in
vitro systems the induced SCE values were
much higher (3-7, 13, 14, 16-18).

In recent years, various short-term assay
systems for predicting mutagenicity or carci-
nogenicity of chemicals have been developed.
The modified host-mediated assay described
here offers another practical and useful ap-
proach for screening certain classes of envi-
ronmental mutagens or carcinogens. In eval-
uating this system, we have also used chro-
mosome aberrations and gene mutations at
the loci of 8-azaguanine and ouabain resist-
ance as indicators for mutagenicity of a given
compound under test. A dose-dependent in-
crease of chromosome aberrations in the tar-
get cells (human or V-79 cells) and dose-
dependent increase in mutation frequencies
(V-79 cells) were observed (19, 20; Furukawa
and Sirianni, unpublished data). This system
takes into account host activation or deacti-
vation of a chemical. It is sensitive and eco-
nomical in time and cost. However, simplifi-
cation of the procedure especially the BUdR
administrations, is needed. The use of BUdR
tablets instead of repeated injections as de-
scribed by Allen ef al. (33) could be adapted
to this system.

We have used both human and V-79 cells
in DC in mice (19-22). In certain respects, V-
79 cells are more advantageous than human
cells. The rapid proliferating nature of V-79
cells in DC in mice and the relatively high
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percentage (86%) of metaphases with differ-
entially stained chromatids after only 4
hourly BUdR injections to the hosts make V-
79 cells ideal for in vivo SCE analysis (22).
For human target cells, 12 or 13 injections
with BUdR at the same concentration was
needed (21). Furthermore, point mutations in
V-79 cells in vitro have been extensively stud-
ied (34, 35). Thus, the same cells cultured in
DC in mice provide an ideal and convenient
system for studying induction of gene muta-
tions in vivo (Furukawa and Sirianni, unpub-
lished data).

Summary. A system for in vive analysis of
sister chromatid exchange (SCE) was de-
scribed. It involved culturing Chinese ham-
ster V-79 cells in diffusion chambers (DC) in
mice. Treatment of the hosts with repeated
injections of 5-bromodeoxyuridine permitted
the demonstration of differentially stained
metaphases in the V-79 target cells after using
the fluorescence plus Giemsa technique.
Thus, it was possible to determine the number
of SCE’s under in vivo conditions. Induction
of SCE in V-79 cells in vivo were studied
following treatment with seven known pro-
mutagens/carcinogens: Cyclophosphamide,
1-(pyridyl-3)-3,3-dimethyltriazene, dimethyl-
nitrosamine, diethylnitrosamine, benzo(a)-
pyrene, 7,12-dimethylbenz(a)anthracene, 3-
methylcholanthrene and three nonmuta-
gens/noncarcinogens: perylene, pyrene, and
anthracene. With the exception of DEN, all
the promutagens/carcinogens caused a sig-
nificant increase in the frequency of SCE.
DEN was effective at the highest dose studied
only after pretreatment with Aroclor 1254, a
known mixed-function oxidase inducer. SCE
analyses of the nonmutagens/noncarcinogens
resulted in no increase of SCE frequency as
compared to the controls. These results indi-
cate that SCE analyses in V-79 cells in DC in
mice may provide a convenient, sensitive, and
economical host-mediated assay system for
detecting certain classes of environmental
mutagens or carcinogens.
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