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Polynuclear aromatic hydrocarbons (PNAH) classified as non-
carcinogens may be photooxidized to mutagenic or toxic products by
near-ultraviolet (NUV) wavelengths of sunlight (290-320 nm). The
possibility that this represents a major degredation pathway in the
aquatic enviromment is of increasing concern. Large quantities of
PNAH from accidental oil spills, anthropogenic and natural combus-
tion, surface run-offs, and industrial discharges are being
released into the aquatic ecosystem. In addition there is growing
evidence that the stratospheric ozone layer may be diminishing.

As a result, more NUV wavelengths from sunlight will reach the
earth's surface.

The purpose of this study was to design a system that can

measure the effects of simulated sunlight ( 290 nm) irradiated



PNAH on mammalian cells. A second observation was to utilize
the system developed, to collect preliminary data on the effects
of two PNAH parent compounds, fluoranthene and phenanthrene, on
mammalian cells.

The first set of experiments, conducted during development
of the system, involved the selection of methanol as the most
suitable PNAH solvent. Determination of the rate of PNAH degra-
dation was élso determined during the initial experiments. Other
system-related experiments included an analysis of the effects of
(a) plastic tissue-culture dishes, (b) methanol, (c) phosphate
buffered saiine (PBS), and (d) 5-bromodeoxyuridine (BrdUrd) on
the induction of sister chromatid exchanges (SCEs) and/or cell
survivals of Chinese hamster ovary (CHO) cells. The experimental
results indicated that none of these factors significantly affected
either the survival or the number of induced SCEs in the CHO cells.

Preliminary data indicated that in the absence of simulated
sunlight, PNAH compounds did not cause an increase in SCEs, nor a
decrease in cell survival. However, CHO cells exposed to super-
saturated concentrations of fluoranthene and a simulated sunlight
( 290 nm) light dose of 2000 or 3000 j-—sec/m2 did not survive.

At similar light doses and lower fluoranthene concentrations, the
induction of SCEs and ﬁutation frequency were increased.

The data from phenanthrene studies indicated there was a
decrease in survival in cells exposed to super-saturated concen-

trations and a simulated sunlight ( 290 nm) dose of 6000 j-sec/mz.



The number of SCEs was not increased in cells exposed to lower
phenanthrene concentrations and light doses of 2000 or 3000

j-sec/mz.
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Development of a System to Test for the Toxicity of Solar
Irradiated Polynuclear Aromatic Hydrocarbons and
Preliminary Data Using Mammalian Cell Cultures

INTRODUCTION

Nonmetabolic activation of unsubstituted polynuclear hydro-
carbons (PNAH) by photooxidation processes and the subsequent
effects of these products in mammalian cells have been only slightly
addressed by résearchers. As Barnhart and Cox (1980) suggested, an
investigation of the near-ultraviolet (NUV) activation effects on
PNAH compounds in polluted air or water, may result in the discovery
of another mechanism by which mutations can be induced; such muta-
tions maj, in turn, lead to skin carcinogensis.

There are many studies (Koller, 1965; Jagger, 1967; Setlow,.
1974; Hsie, et al., 1977) which may have previously identified
direct effects of ultraviolet light radiation thatvare detrimental
to living organisms, including man. Ultraviolet light has been
implicated as a major causal factor of skin cancer in the United
States (Hsie, et al., 1977). Zelle, et al., (1980) suggest that
ultraviolet %avelengths emitted by the sun which reach the earth's
surface (290-320 nm), induce cytotoxic and mutagenic effects by
damaging the cellular DNA.

That particular ultraviolet wavelength region (290-320 nm) is
also of importance in the conversion of PNAH. Tricyclic or larger
PNAHs absorb strongly at wavelengths of 300 nm and longer. In addi-

tion, most PNAHs are readily photoxidized. According to Gibson



et al., (1978) certain PNAHs not previcusly recognized as being muta-
genic were transformed by relatively mild conditions into compounds
that were mutagenic when tested against selected strains of S.
typhimurium.

The increased presence of PNAHs in aquatic environments, to-
gether with Gibson et al., (1978) results, suggests there is a need
for a study on the combined effects of ultraviolet irradiation of
PNAH compounds on mammalian gells. One of the purposes of my re-
search was to conduct such a study. A discussion of the rationales
for my research follows.

The relevance of results obtained with germicidal lamps (Gibson
et al., 1978) in understanding the effects of NUV and PNAH inter-
actions in polluted air or water enviromments can be questioned. The
germicidal ultraviolet wavelength, 254 nm, is filtered out by the
stratospheric ozone layer and hence does not reach the earth's sur-
face where the NUV-PNAH interactions occur (Parrish et al., 1978).
In addition, while a bacterial system such as that developed by Ames
et al., (1973) has been well~established with respect to detecting
mutagens, a mammalian cell system is more relevant for determining
mutagenic (and possibly carcinogenic) effects that may occur in
humans. Chinese hamster ovary (CHO) cells were selected for use in
my research because their complex genetic apparatus more closely
resembles that of man (Barnhart and Cox, 1980). Also, carcino-

genesis can be demonstrated in the animals from which these cells



were derived (Barnhart and Cox, 1980). It also seems important,
for a project designed to model certain environmental conditions
(i.e., simulated sunlight ( 290 nm) and PNAH interaction in the
aqueous enviromment), that the mode of activiation of the parent
PNAH compound be related to the available environmmental condi-
tions (Barnmhart and Cox, 1980).

Sister-chromatid exchange, survival and the hypoxanthine
guanine phosphoribosyl transferase mutation frequency assays were
utilized as measures of the éffects on the CHO cells in this

research.

Polynuclear Aromatic Hydrocarbons (PNAHs)

There is considerable interest about the possible role of
PNAHs as carcinogens in indigenous species which inhabit contami-
nated aqueous en&ironments (Kraybill et al., 1977). Polynuclear
aromatic hydrocarbons are an important class of pollutants that
enter the sea; they are known to be contaminants of marine ecosys-
tems (Neff, 1979). Polunuclear aromatic hydorcarbons enter the
aquatic environment primarily in surface runoff from land, in in-
dustrial and domestic sewage, by petroleum spillage and by the
deposition of airborne particulates (Neff, 1979). ©Not only are
the parent PNAH compounds entering the aqueous enviromment through
these pathways considered importaht, but so are certain PNAH degra-

dation products.



Polynuclear aromatic hydrocarbon airborne particulates and PNAHs
present in the surface water are subject to degradation by photo-
oxidation reactions with atmospheric oxidants or by reaction with
sulfur oxides (Neff, 1979). These oxygenated compounds, including
quinones which may be carcinogenic, are generally the products of
these reactions (Neff, 1979). According to Zafiriou (1977), photo-
oxidation by singlet oxygen appears to be the dominant chemical
process for degradation of PNAHs results in half-lives of a few min-
utes to a few hours (Smith and Tyler, 1976; Neff 1979; Zepp and
Scholtzhauer, 1979). Most PNAHs absorb sunlight in spectral regions
ranging from UB-B to visible (Zepp, 1980). Because of the ability
to absorb in the NUV region (290-320 nm), PNAHs may be subject to
NUV activation to promutagens (Barnhart and Cox, 1980).

A study by Jones and Leber (1979) indicated that benzo(a)-
pyrene (BAP) is oxidized rapidly by simulated sunlight, in air.
Also, émong the resultant products were BAP quinones which are
direct acting mutagens (Jones and Leber, 1979).

Two unsubstituted PNAHs were selected for use in my study.
Fluoranthene, and phenanthrene were chosen as a‘result of a study
by Mix and Schaffer (in press) which showed these two compounds were

present in the greatest concentrations in Mytilus edulis from

Yaquina Bay, Newport, Oregon. The ability of mussels to concentrate
those two particular PNAHs to levels greater than those of other

PNAHs suggests that they may be present in measurable quantities



in the water where they may be subject to photooxidation processes
by the NUV wavelengths from sunlight. The resultant products of
these processes and their effects on CHO cells were of interest in

my research.

Fluoranthene

Fluoranthene (Appendix A) has a molecular weight of 202 g/mole
and a maximum solubility of 0.2 ug/ml in water (May et al., 1978).
The absorption spectrum of fluoranthene (Appendix A) shows an ab-
sorption peak near 290 nm and subsequent smaller peaks in the 300-
373 nm range (Roe, 1966).

Fluoranthene is listed as both a priority and a toxic pollu-
tant by the EPA (Keith and Telliard, 1979). It is not classified
as a carcinogen, but according to the NCI-SRI-Mitre-DOE report
(NCI et al., 1981), it is listed as a tumor promoter or co-carcinogen
and tests as a mutagen in the Ames test (Ames et al., 1973).

Little information is available on the possible NUV activation
of fluoranthene from a nonmutagen to a mutagen. Barnhart and Cox
(1980) has érovided the experimental framework by which PNAHs can

be tested for such a conversion.

Phenanthrene

Phenanthrene (Appendix A) has a molecular weight of 178 g/mole

and a maximum solubility of 1.0 ug/ml in water (May et al., 1978).



The absorption spectrum of phenanthrene {(Appendix A) shows a maximum
aborption peak at 250 nm with lesser peaks appearing at 280-320 nm
(Roe, 1966).

Phenanthrene is not classified as a carcinogen, but it is a
priority pollutant (Keith and Telliard, 1979).

Phenanthrene has been studied extensively in regards to the
activation (enzymatic) of its K-region into suspected carcinogenic
epoxide agents. Boyland and Sims (1963, 1964, 1965a,b) have demon-
strated epoxide formation as the result of the metabolism of
phenanthrene. Grover and Sims (1970) have extended those results and
demonstrated the reactivity of K-region epoxides of phenanthfene and
dibenz(a,h)anthracene with DNA, RNA and histones in vitro. The par-
ent hydrocarbons and their respective K-region dihydrodiols did not
react (Grover and Sims, 1970). It has been shown that the phenan-
threne K-region oxide and its isomeric phenols are mutagenic and
preferentially mutate TA1537 in the Ames test (Bucker et al.,

1979).

As a result of those studies, it has been suggested that the
metabolites of PNAHs may be the ultimate reactive (and carcinogenic?)
derivatives of hydrocarbons, in vivo (Miller and Miller, 1971). How-
ever, as with fluoranthene, there is little evidence of phenanthrene
being activated by NUV into carcinogenic or mutagenic products.

According to Huberman and Sachs (1976) and others, procarcino-
gens must be metabolized by cellular enzymes into reactive metabo-

lites which are then responsible for biological effects, including



carcinogenicity and mutagenicity. Chinese hamster ovary cells do

not have the ability to metabolically activate procarcinogens/pro-
mutagens to a reactive state. Therefore, any activation of phenan-
threne or fluoranthene by NUV that produced mutagenic or carcinogenic
agents could be attributed solely to a nommetabolic conversion.

Such a conversion would be similar to that which could occur in the

environment and hence would provide important information.

Near-Ultraviolet Light (NUV)

The biological effects of NUV, particularly those wavelengths
contained in the natural sunlight spectrum (290-320 nm), have been
studied extensively. The NUV spectrum causes pyrimidine dimer in-
duction in DNA and induces other lesions of biological significance
(Zelle et al,, 1980). When mutation frequency is expressed as a
function of survival, the three types of UV radiation--far UV, NUV

290, NUV 310--are comparable, indicating that lesions which con-
tribute to lethality are equally important for the induction of
mutations (Zelle et al., 1980. In a set of experiments by Bradley
et al., (1979), wavelenths from a filtered sunlamp which were
greater than 305 nm, caused mutagenicity,tosicity, DNA-protein
cross-links and DNA single-strand breaks. However, when a second
filter was used to block out any wavelengths below 345 nm, the
radiation was no longer mutagenic or toxic, but still caused sister

chromatid exchanges. Hsie et al. (1977) examined the effects of




sunlamps and sunlight on CHO cells and found a high level of toxi-
city caused by each, as well as a significant level of mutation
induction. The cell survival mutation induction curves of both
sunlamp and sunlight irradiation were similar in shape to those of
standard UV light (Hsie et al., 1977).
Given the information from these and other studies, it is

clear that the mutagenic and cytotoxic effects of simulated sun-
light alone must be considered in developing and evaluating a non-

metabolic activation system for PNAHs by simulated sunlight.

Sister-Chromatid Exchange (SCE)

The sister chromatid exchange technique has been correlated with
mutagenic damage in some studies and disregarded as such in others.
The latter view is summarized by the observation that, despite the
use of the SCE test for years, it is still unknown whether SCEs re-
present mutagenic damage (Roszinsky-Kocher et al., 1979). Neverthe-
less, Bauknecht et al. (1977) demonstrated a good in vivo correlation
between the potency of chemical compounds to induce SCEs and struc-
tural chromosomal aberrations. Further, it was reported that there
were correlations between SCEs and mutations induced by various che-
mical agents in CHO cells, however, the relative efficiency of SCE
and mutation induction varied with the particular agent used (Carrano
et al., 1978). By contrast, Bradley et al. (1979) showed that, al-

though SCEs were induced with wavelengths of greater than 345 nm, no



evidence of either mutagenicity or toxicity was determined with
that level of radiationm.

For my research, the SCE technique was selected as a rapid,
convenient method by which a potentially mutagenic PNAH photo-
product could be revealed. In most of my studies, an increase in
SCE induction following an exposure to NUV irradiation in the
presence of a PNAH was followed by a confirmatory mutation frequency
experiment performed under similar conditions.

The SCE technique was discovered by Taylor (1958) in plant
cells that had been labeled with tritiated thymidine through the
first cell division. Cells were then allowed to replicate once
again in the absence of the radioisotope (Wolff and Perry, 1974).
Autoradiography revealed chromosomes that contained only one of the
two sister chromatids labeled at any point along their lengtﬁ.
These observations were interpreted as to mean that switches had
occurred in the radioactive label from one chromatid to its sister,
hence, "sister chromatid exchange' (Wolff and Perry, 1974). The
technique has since been further refined to make it possible to
distinguish 'sister chromatids from one another without using radio-
isotopes and autoradiography (Zakharov and Egolina, 1972; Latt,
1973; Ikushima and Wolff, 1974; Perry and Wolff, 1974). The
basis for newer techniques was the finding that after two rounds of
replication in the presence of 5-bromodeoxyuridine (BrdUrd), the
chromosomes contain one chromatid in which the DNA is unifilarly

substituted with BrdUrd, and one chromatid in which the DNA is
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bifilarly substituted (Wolff and Perry, 1974).

After the incorporation of BrdUrd, Latt (1973) found a drama-
tic difference in the intensity of fluorescence between sister
chromatids of human chromosomes which were stained with the fluores-
cent dye, Hoechst 33258. Permanently stained cells were then pro-
duced by a technique developed by Perry and Wolff (1974). This
technique utilized both fluorescent dyes and Giemsa stain after
light exposure. The unifilarly substituted chromatid stains darkly,
whereas the bifilarly substituted chromatid stains lightly, thus
giving the chromosomes a '"Harlequin-like' appearance which charac-
terizes the SCE technique (Wolff and Perry, 1974).

One problem associated with this technique is that Brd Urd can
induce SCEs. It was found that the frequency of SCEs increased as
concentrations of BrdUrd increased from .25 uM to 1.0 uM (Wolff and
Perry, 1974). Further, the frequency of SCEs was increased by ex-
posure of BrdUrd-labeled cells to fluorescent lights because of
photolysis of the BrdUrd-containing DNA (Ikushima and Wolff, 1974;
Perry and Wolff, 1974). To overcome the SCE induction by BrdUrd,
investigators now use the minimum concentration of BrdUrd that is
required to give the optimum differential staining of sister
chromatids (Perry, 1980). Also, Wolff and Perry (1974) have shown
that the number of SCEs per chromosome, induced by BrdUrd, can be
decreased by handling the BrdUrd-containing cells under a dim in-
candescent light or a photographic safe light, The number of SCEs

induced under such lighting conditions is only slightly greater
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than that induced in cells handled exd¢lusively in the dark (Wolff
and Perry, 1974).
In addition to SCEs, I used survival experiments to provide

information on cell toxicity under certain exposure conditions.

Survival

The survival ability of a particular cell line subjected to a
specified treatment gives the researcher an indication of thebcyto-
toxic effects of the agents in question. During the course of my
research, one factor was taken into consideration that influences
the survival of the CHO cells. Stoien and Wang (1974) found that
NUV exposure of the medium produced photoproducts that were toxic to
Chinese hamster cells. The toxic photoproducts were thought to in-
clude tryptophan, riboflavin and tyrosine (Stoien and Wang 1974).
Wan et al., (1974) also felt that the cell-killing effect was de-
.pendent because when more cells are present, the amount of photo-
products absorbed by each cell would be correspondingly less. As
a result, I washed the cells with phosphate buffered saline (PBS)
before and after each exposure; also, the cells were covered with
PBS during exposures to simulated sunlight.

I used one other method in my studies, the hypoxanthine-
guanine phosporibosyl transferase (HGPRT) mutation frequency assay

(0'Neill et al., 1977).
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Hypoxanthine-guanine phosphoribosyl transferase
(HGPRT) Mutation Frequency Assay

The HGPRT mutation assay measures mutation induction at the
HGPRT locus in Chinese hamster ovary cells by determining resistance
to 6-thioguanine (TG) (0'Neill et al., 1977). Chinese hamster ovary
cells were selected for this assay because they had been better
characterized genetically than other mammalian cell lines. Also,
they were well-suited for mutagenesis studies because they have a
stable karyotype of 20 or 21 -chromosomes and are easily maintained
in a defined medium in suspension or on glass or plastic tissue
culture dishes (Puck et al., 1958; Kao and Puck, 1969; Sharp et al.,
1973). Thiguanine is lethal to mammalian cells and so, any resis-
tance to this purine analogue will occur only from an alternation or
loss of the enzyme, HGPRT (Chasin, 1973; Sharp et al., 1973), the

expression time being eight days (0'Neill et al., 1977).

Conclusion

To conclude this introduction the primary objectives of my
research were: (1) to develop a system that would simulate the in-
teractions of sunlight and PNAHs as they occur in the aqueous en-
vironment and (2) to subsequently measure the effects of simulated
sunlight-PNAH interactions on mammalian cells. Specifically, three
effects on CHO cells were to be measured: first, the effects of

those NUV wavelengths which are part of the natural sunlight
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spectrum on the earth's surface; second, the effects of non~-
activated fluoranthene and phenanthrene, PNAH parent compounds; and
third, the effects of interaction between a specific simulated sun-

light dose and one of the PNAH parent ccmpounds.
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MATERIALS AND METHODS

Cells, Media, Culture Conditions

Chinese hamster ovary (CHO) cells were grown in Gibco (3175
Staley Road, Grand Island, New York) minimum essential medium (MEM)
supplemented with 10% Kansas City fetal calf serum. The medium was
further supplemented with Gibco 2% L-glutamine, 2% non-essential
amino acids, 27 penicillin-streptomycin antibiotics, and 3% sodium
bicarbonate (7.5%). Cells were incubated at 37°C under 5% CO2 in

tissue-culture containers. Cells were maintained in an exponential

growth phase prior to each experiment.

Exposure Conditions

Solar Ultraviolet Radiation

Four Westinghouse FS40 (40 watt) sunlamps provided the source
of simulated solar radiation. The lamps were suspended 0.5 meters
above the cell exposure surface in a laboratory hood and the expo-
sure surface was covered with black plastic to minimize reflected
light (Figure 1). Radiation from the lamps was filtered through
an aged (15 hours) cellulose acetate (10 mil) sheet which removed
wavelengths shorter than 290 nm from the spectrum. The sunlamps
were also filtered to a lesser extent, by the tissue culture plas-

tic covers which decreased the intensity of the light at




FIGURE 1.

Experimental set-up during simulated
irradiated PNAH exposures

sunlight-

15
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wavelengths less thén 315 nm (Elkind et al., 1977; Hsie et al.,
1977) (Appendix B). Both of these filtration systems combined to
give results which more closely represent the sunlight spectrum

at the earth's surface (Elkind et al., 1977). An Optronic Labora-
tories model 742 spectroradiometer interfaced with a model 755
data reduction system was used to determine the dose rates and spe-
cific wavelength profiles for the solar radiation exposures
(Appendix B). A Robertson-Berger sunburn meter unit was used to
verify that the dose rate distribution did not vary more than 5%

over the exposure field.

Polynuclear Aromatic Hydrocarbons (PNAHs)

Two unsubstituted PNAHs, fluoranthene and phenanthrene, were
subjected to solar irradiation; they were obtained from Ultra Sci-
entific (Rhode Island). Each compound was dissolved in methanol at
a concéntration of 0.1% (phenanthrene) or 0.2% (fluoranthene). From
these stock solutions, the compounds were further dissolved in phos-
phate buffered saline (PBS) for final concentrations of 1.0 or 10.0
ug/ml phenanthrene and 0.2, 2.0, or 4.0 ug/ml fluoranthene. High
performance liquid chromatography (HPLC) anélysis revealed that the
concentrations of the compounds change with tige. Thus, solutions

were prepared fresh for each experiment to minimize such changes.
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Sister-chromatid Exchange, Survival,
Mutation Frequency Assays

Sister-chromatid Exchange

Exponentially growing CHO cells with a doubling time of 16
hours were plated (2 x 106 cells per flask) into T-75 tissue-
culture flasks containing 10 mls of complete minimum essential
medium (MEM) supplemented with 10% fetal calf serum and incubated
at 37°C two to three hours prior to an exposure. The cells were
washed once with sterile PBS and covered with 10 mls of a PNAH-
containing PBS solution. Each flask was placed on the exposure
surface and covered with a cellulose acetate sheet. A dose of
2000 joules-—sec/m2 was administered to the cells for a period of
14 minutes 49 seconds (Appendix B). Following the exposure, cells
were washed once in sterile PBS solution and covered with 10 mls
of MEM that had been supplemented with 0.1% 5-bromodeoxyuridine
(BrdUrd). Each flask was covered with aluminum foil and replaced

in a 37°C humidified incubator, under 5% CO., for 24 hours.

2°
Colcemid (2 x 10‘7M final concentration) was added at 24 hours if
the majority of cells had passed the first division stage, as de-
termined from an accompanying multiplicity T-25 flask of similarly
treated CHO cells. For determination of multiplicity, T-25
tissue-culture flasks were plated with 1000 cells and treated in
the same manner as the corresponding T-75 flasks. Twenty-four

hours following the exposures, each flask was checked to determine

if the cells had passed the first division stage. That was done



by counting the number of cells per colony in forty different groups
of cells and determining an average number of cells per colony
forming unit. A value of 2.5 in approximately 24 hours for un-
treated controls is appropriate; Two to three hours after the
addition of colcemid, the cells were swelled in .075M KCL for 15
minutes and then fixed in 3:1 methanol, glacial acetic acid. Slides
were prepared by dropping the cells from a height of 6-12 inches
onto labeled microscope slides. The slides were allowed to dry
overnight and were stained the following day according to the tech-
nique described by Wolff and Perry (1974). Since the staining
techniques vary between laboratories due to different environmental
and equipment conditions, the steps followed in this research will
be outlined.

The slides were first placed in a coplin jar containing 50 ml
of Hoechst's dye (5 ml Hoechst's [5 mg/100 ml stock solution, re-
frigerated] diluted in 45 ml Sorensen's buffer solution formula
[.067M, pH 6.8]~~prepared fresh weekly and refrigerated) for 15
minutes. They were then washed in distilled water, dried thoroughly
and covered with 4-5 drops of Sorensen's buffer and a coverslip.
Slides were then exposed to a black light (2 Sylvania F15T8-BLB
bulbs) suspended in a desk lamp one-half to one inch above the
slide warming tray (56°C) (Figure 2) for 3 or 4 minutes, depending
on which time period produced the best sister-chromatid contrasts.
Chromosomes with one darkly stained chromatid and one lightly

stained sister-chromatid are from second-division cells and are
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to black light
r-chromatid exchange development

FIGURE 2. Chinese hamster ovary cells exposed

for siste
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the cells where the exchanges are readily apparent (Figures 3 and 4).
First division cells contain chromosomes with both sister-chromatids
stained uniformly dark, while third-division cells contain some
chromosomes with one chromatid darkly stained and its sister lightly
stained, but most chromosomes are uniformly lightly stained (Schwartz
et al., 1982). Following the light exposure, the coverslips were
rinsed with distilled water and the slides were placed in 127

Giemsa for approximately 8 minutes. At the end of this time, the
slides were rinsed in distilled water, covered with a coverslip

and examined under the microscope.

Survival

Depending on the treatment conditions, 150 or 1500 CHO cells
were plated per 60 mm2 in a tissue-culture petri dish containing
3 mls of MEM, tﬁo to three hours prior to an exéosure. Cells were
washed once with sterile PBS and exposed to one of the following
three conditions in each experiment: (1) light (2000 jOules-sec/mz)
and a PNAH; (2) light and no PNAH; and (3) a PNAH and no light.
After treatment, the cells were washed once more in PBS and incﬁ-
bated in 5 mls MEM for 8-9 days at 37°C. When the colonies had de-
veloped enough to be easily counted (greater than 50 cells per
colony), they were fixed in 3:1 methanol, glacial acetic acid.
The colonies were rinsed once more in the methanol, glacial acetic

acid solution and allowed to dry overnight. Two to three mls of
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FIGURE 3. Sister-chromatid exchanges in CHO chromosomes
exposed to no light and no PNAHs



FIGURE 4.

Sister-chromatid exchanges in CHO chromosomes
exposed to a simulated sunlight dose of
6000 j-sec/m2
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Giemsa stain applied to each dish stained the colonies a deep

purple color.

Mutation Frequency

The HGPRT mutation assay as described by Van Zeeland and
Simons (1976) was used in these experiments. Initially, this
assay was used to determine the mutation frequency plateau for
certain concentrations of 6-thioguanine using the Gibco serum.

The results indicated that 5 ug/ml 6~thioguanine added to medium
containing the Gibco serum would be adequate for any mutation
assays done using this serum (Figure 5). In other experiments,
CHO cells expoéed to 2000 and/or 8000 joules-sec/m2 doses of
simulated sunlight and/or 0.2 ug/ml fluoranthene concentration
were allowed expression times of 8 days before being replated into
MEM medium containing 6-thioguanine (5 ug/ml). Prior to each
treatment, a T-75 tissue-~culture flask was plated with 1 x 106
cells. The day following an exposure, the cells were trypsinized
and 1 x 106 cells were transferred to and divided among three non-
tissue culture 60 mm2 petri dishes. The cells remained in these
dishes in MEM plus 5% Kansas City serum for 8 days. Mutant

colonies were counted 7 days after the cells had been redistributed
into ten 60 mm2 tissue~culture petri (5 x 104 cells per petri dishes)
G x 104 cells per petri) containing 5 mls selective medium (MEM
plus 10/5 Gibco calf/fetal calf serum supplemented with 6-thio-

guanine). In addition, following the expression time period, a
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Determination of the 6~thioguanine concentration
for use in the hypoxanthine-guanine phosphoribosyl
transferase mutation frequency assay
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portion of the cells (150 cells per 60 mm2 tissue-culture petri,
6 petris per treatment) were plated into 5 mls non-selective medium
(no 6-thioguanine) for the purpose of determining plating efficien-
cies. The mutant as well as the plating efficiency colonies were
fixed and stained as described in the survival section of the
materials and methods chapter.

All diluting and plating manipulations were performed in
fluorescent light-free conditions to limit any possible contribu-

tion to SCE induction or survival and mutation effects.
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RESULTS

Development of the System

Prior to performing any solar irradiated PNAH studies, several
problems were identified and evaluated. Solution of each of these
problems eventually led to the development of the final system
utilized in my research. These problems and their solutions are

described in chronological order in the following paragraphs.

Solvent Selection

The first question addressed in this research was which solvent
should be used for dissolving particular PNAHs. Dimethylsulfoxide
(DMSO) is cited in much of the current literature as a solvent that
will readily dissolve PNAHs and subsequently transport them into the
cells (Huberman -and Sachs, 1976; Barnhart and Cox, 1980; Oesch et al.,
1981). However, 20% of the DMSO absorption spectrum is in the 290-
310 nm range (Przybytek, 1980) which includes wavelengths of the simu-
lated sunlight spectrum that are of particular interest in my study
(Appendix A). The use of DMSO would therefore limit the amount of
simulated sunlight that would reach the celis at those specific wave-
lengths. Due to the finding that DMSO interferes with the absorp-
tion spectrum of interest, another solvent, methanol, was ultimately
selected.

The use of methanol satisfied three important criteria. First,



27

methanol has the ability to dissolve PNAHs; second, it has an ab-
sorption spectrum that does not interfere with the wavelengths of
interest in this study (Appendix A); and third, methanol does not
affect the CHO cells in terms of increasing the number of SCEs, de-
creasing surﬁival or affecting the mutation frequencies (Tables 1,
2, and 3).

The PNAHs were dissolved in methanol and then in either PBS or
medium as long as the maximum solubility level of the particular
PNAH compound was not exceeded. Much of the compound remained in
a crystalline form if solubility levels were exceeded. The maximum
solubility level of fluoranthene in water is 0.2 ug/ml and for
phenathrene, 1.0 ug/ml (May, 1980). These maximum solubility
levels were confirmed by HPLC tests that compared PNAH concentra-
tions from filtered (#30 S&S glass filters .3 um) and non-filtered
samples. Although a saturated solution had been prepared for a
particular compound once it was filtered, only the amount in solu-
tion (the maximum solubility level) was detected by the HPLC.
Non-filtered samples, however, maintained the initial saturated
PNAH concentration levels (Table 4).

The absorption spectrum of methanol, aé noted in Appendix A,
indicates a maximum absorption peak at 205 nm. The absorption
spectrum decreases to about 0.5% of the total spectrum at 300 nm,
thereby making methanol a preferred choice as a solvent in these
studies.

The effects of methanol on SCE induction, survival and



TABLE 1. 1Induced sister-chrowatid exchanges (SCEs) in CNO cells exposed to 0.1% methanol.

Experiment Light Dose Exposure time No. SCEs/chrowosome?
nuwber Treatment . Medium (j-sec/mz) (hours) t standard error t-test
18 Control McCoy's+10% K.C.? None 26.5 .3619 = .03
18 0.1% methanol McCoy's+10% K.C. None 26.5 .4632 + .03 p € 0.01°
18 0.1% methanol McCoy 's+10% K.C. None 26.5 L4169 + .03 N.s.?
21 Control MEM+ 5/5% Gibco None 24.0 .4028 t .02
calf/fetal calf
21 0.1% wethanol MEM+5/5 Cibco None 24.0 .3696 * .03 N.S.
calf /fetal calf
41 Control PBS" None 0.25 . .3691 + .02
41 0.1% methanol PBS None 0.25 .3713 ¢ .02 N.S.
41 Control PBS 2000-C.A.° 0.25 L6418 * .04
41 0.1% methanol PBS 2000-C.A. 0.25 .6103 t .03 N.S.
1

The SCEs were counted in 40 different cells.

2HcCoy's + 10X Kansas City serum, growth medium.

3Minimum Essential Medium + 5% Gibco calf serum and 5% Gibco fetal calf serum, growth medium.
aPhosphate buffered saline,

5Cellulose acetate.

6Sign1f1cant1y different from the control at the 1% level.

7No significant difference compared to the control.



TABLE 2. Surviving fraction of CHO cells exposed to 0.1%Z methanol.

Experiment Light Dose Exposure time Surviving fraction?!
number Treatment Medium (j-sec/mz) (minutes) t standard error L-test
18 Cuntrol McCoy's+10% K.C,? Noue 26.5 (hours) .5920 t .02
18 0.1% methanol McCoy's+10% K.C. None 26.5 (hours) .6893 t .02 p € 0.01°
29 Control PBS*? None 13:40 .8483 + .02
29 0.1% methanol PBS " None 13:40 .6300 £ .02 p < 0.001
29 Control PBS 2000-C.A." 13:40 .7800 t 01
29 0.1X methanol PBS 2000-C.A. 13:40 .6580 ¢ .03 p € 0.001
35 Control PBS None 13:40 .5850 ¢ .02
35 0.1% wethanol PBS None 13:40 .5689 t .02 N.s.®
35 Control PBS 2000-C.A. 13:40 . .6562 + ,02
35 0.1% methanol PBS 2000-C.A. 13:40 .5967 ¢ .01 p S 0.05
40 Control PBS None 13:40 .4373 £ .01
40 0.1% methanol PBS None 13:40 L4220 = 01 N.S.
40 Control PBS 2000-C. A, 13:40 L4193 = .01
40 0.1% methanol PBS 2000-C.A. 13:40 L4013 ¢ ,02 N.S.
40 Control PBS None 20:29 L4293 .02
40 0.1X% methanol PBS None 20:29 L4267 = ,02 N.S.
40 Control PBS 3000-C. A, 20:29 .3967 ¢ 01
40 0.1% methanol PBS 3000-C.A. 20:29 4242 £ .03 N.S.

1The number of surviving cells divided by the number of cells plated.
2McCoy'8 + 10% Kansas City serum, growth medium,

3Phosphate buffered saline.

ACellulose acetate.

581gnificant1y different from the control at the 1% level.

6No slgnificant difference compared to the control.

62
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TABLE 3. Induced mutation frequency of CHO cells exposed to

0.17 methancl.

Light Dose Induced mutation
Treatment (j~sec/m2) frequencyl
-6
Control None 9.046 x 10
0.1% methanol None 1.005 x 10-S
Control 2000-C.A. 1.392 x 107°
0.1% methanol 2000-C.A. 1.724 x 107°

lMutation frequency (induced) is determined by this

formula:

number of mutant colonies counted

number of cells plated x plating efficiency (PE)

2Cellulose acetate.
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TABLE 4, Comparison of filtered and unfiltered fluoranthene
concentrations as determined by the HPLC.? :

Expected concentra- Measured concentra-—

Filtered’ Unfiltered tion (ug/ml)3 tion (ug/ml)k
+ - 1.0 0.203°
- + 1.0 0.650
- + 10.0 10.000

1High performance liquid chromatography.
2Fluoranthene solution filtered through two, #30 glass filters.

3 .
Expected concentration refers to the fluoranthene concentra-
tion that was to have been prepared.

4Measured, refers to the concentration of the fluoranthene
solution as measured by the HPLC.

5This value is an average of the U.V. and fluorescence detec-
tor HPLC readings.
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mutation frequency are summarized in Tables 1, 2, and 3. The re-
sults indicate that methanol does not significantly contribute to

the effects on CHO cells.

Possible Photooxidation Products

Once a suitable solvent (methanol) had been selected, the next
question was to determine if any photooxidation products appeared
as a result of exposing a parent PNAH to solar radiation in the
absence of CHO cells. Analysis of PNAH samples measured during
exposures to high (.25 meters from the sunlamps, 1100 kj--sec/m2
dose), low (1 meter from the sunlamps, 280 k.j--sec/m2 dose) and no
light conditions revealed a contaminant peak at 185 nm which in-
creased in concentration as the light dose increased. At the
same time, the concentration of the parent compound (fluoranthene)
decreased. Becéuse the unidentified peak did not appear after the
fluoranthene peak as indicated by the HPLC analysis, it was con~
sidered to be a contaminant and not a photooxidation product of
fluorantheng. The source of the contaminant was suspected to be
the plastic tissue-culture dishes (T-75). As a result, an experi-
ment was designed to test this possibility.

Glass and plastic tissue~culture flasks which contained an
equal concentration of fluoranthene dissolved in PBS were sub-
jected to dark or high light conditions. Results of this experi-

ment indicated that there was a difference between the rate of
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fluoranthene disappearance in the two types of flasks. Fluoran-
thene (0.5 ug/ml) exposed to high light conditions in the plastic
tissue-culture flasks disappeared more rapidly than that in

the glass flasks (Table 5). Also, no contaminant peak at 185 nm
appeared in the HPLC measurements of samples taken from the glass
flasks. Hence, it was concluded that the contaminant contribution,
and possibly the fluoranthene absorption, was due to the plastic
tissue-culture flaéks. It became apparent in similar studies with
phenanthrene that absorption to the plastic containers was a
characteristic confined to fluoranthene, since phenanthrene did

not disappear from the PBS solution as quickly as fluoranthene
(Table 6). As a result in subsequent experiments, PNAH solutions
were prepared fresh each time to insure that the desired concentra-
tion levels were obtained. Also, the exposure times had to be
limited to also .insure the maintenance of the correct concentration
levels,

An additional experiment was conducted to determine if the
presence of the unidentified contaminant affected the induction of
SCEs. There was no significant difference in the number of SCEs
associated with plastic flasks compared to the number of SCEs in-
duced in glass flasks (Table 7). Therefore, based on this informa-
tion, together with the greater handling convenience, plastic

tissue-culture flasks were selected for use in my research.




TABLE 5, Comparison of the fluoranthene degradation rate between glass and plastic tissue-culture flasks (T-75s).

Glass or Light Expected concentration' Exposure time Measured concentration? Degradation rate
plastic conditions (ug/ml) (minutes) (ug/ml) (ug/min)
Glass park? 0.5 15 .179 .00087
70 .131

Plastic Dark : 0.5 15 .123 .00082
70 .078

Glass High" 0.5 15 .226 .00018
70 .216

Plastic High 0.5 15 .158 .00085
70 .111

1

The fluoranthene concentration that was to have been prepared.
ZThe concentration of the fluoranthene solution as measured by the HPLC.

3T-75 flasks were wrapped in foil and placed in the dark.
4

T-75 flasks were exposed to 4-FW40 sunlamps at a distance of .25 meters, and covered with both a cellulose acetate
‘and a mylar filter.

e



TABLE 6. Comparison of fluoranthene and phenanthrene degradation rates.

Expected concentration? Exposure time Measured concentration’ Degradation rate
PNAN® (ug/ml) " (minutes) (ug/ml) (ug/min)
Fluoranthene 0.2 0 0.7780 .0130
44 0.2069
Phenanthrene 1.0 0 1.1160 .0100
60 0.5191

1Polynuclear aromatic hydrocarbon.

2
The fluoranthene or phenanthrene concentration that was to have been prepared.

3The fluoranthene or phenanthrene concentration as measured by the HPCL.

cg



FIGURE 7. Comparison of induced sister-chromatid exchanges (SCEs) in CHO cells between glass and plastic

tissue-culture flasks.

Experiment Glass or Exposure time SCEs/chromosome
numbher plastic Med fum (hours) t standard error
16 Plastic McCoy's + 10% K.C.2 26.5
16 Glass McCoy's + 10% K.C, 26.5
1

The SCEs were counted in 30 different cells.
2McCoy's + 10X Kansas City serum, growth medium.

3No significant difference compared to the control.

9¢
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Chinese Hamster Ovary Cell Exposure to PNAHs

At this point in my research, attention was directed towards
gathering baseline data by exposing CHO cells to PNAH-containing
PBS solution for short time periods (1, 2, 3, 5 hours) since PBS
solution cannot sustain the cells for 24 hours as well as medium.
The baseline data revealed that there was no significant difference
in SCE induction between PNAH-containing medium and PNAH-containing
PBS solution (Table 8).

During these baseline studies, another study was initiated:
5-bromodeoxyuridine (BrdUrd) was tested to see if its presence
during the 24 hours required for SCE development aféected the in-
duction of SCEs; comparisons were made with cells contained in a
flask with .1% Brd Urd and 0.2 ug/m/fluoranthene. Because the
BrdUrd must be present through 2 cell divisions (approximately 24
hours), and because the 0.2 ug/ml fluoranthene had already been
shown not to induce SCEs or affeqt survival in the absence of
light, this comparison was made. The results indicated that the

presence of BrdUrd did not affect the induction of SCEs (Table 9).

Dosimetry

The light exposure area was confined to a laboratory hood in
which the base was covered with black plastic to minimize any re-
flected light. The exposure surface was a 28 cm by 35.5 cm ply-

wood sheet (1 cm thickness) set on an adjustable device .5 meters



TABLE 8. Comparison of induced sister-chromatid exchanges (SCEs) in CHO cells exposed to medium or phosphate

buffered saline.

T

Experiment Exposure time No. SCEs/chromosome
number Treatment Medium (hours) %t gtandard error t-test
12 Control PBS? 5 .4818 + 03
16 Control McCoy's’ + 10% K.C. 24 L4547 ¢ .02 N.s.*

1The SCEs were counted in 30 different cells.
2Phosphate buffered saline.
3McCoy's + 10X Kansas City serum, growth medium.

hNo significant difference compared to the control in Experiment 12,

8¢



TABLE 9. Induced sister-chromatid exchanges (SCEs) in CHO cells exposed to 5-bromodeoxyuridine (BrdUrd) or
BrdUrd and 0.2 ug/ml fluoranthene,

Experiment Exposure time No. SCEs/chromosome!
number Treatment Medium (hours) t gtandard error t~test
14 0.1% BrdUrd McCoy's + 10% K.C.2 24.0 L4504 ¢ .03 N.S.3
14 0.2 ug/ml fluoranthene McCoy's + 10% K.C. 24.0 ©.4039 t .02
+ 0.1% BrdUrd
16 0.1% Brdurd .McCoy's + 10% K.C. 26.5 L4547 .02 N.S.
16 0.2 ug/ml fluoranthene McCoy's + 10% K.C. 26.5 .4439 + ,03

+ 0,k% BrdUrd

1'I‘he SCEs were counted in 30 different cells.

2McCoy's + 10% Kansas City serum, growth medium,

3No significant difference compared to the BrdUrd + 0.2 ug/ml fluoranthene-treated cells.

6t
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from the Westinghouse FS40 (40 watt) sunlamps. 'The surface was
covered with black plastic and could be lowered or raised over a
range of 23 cm. This assembly was placed on another plywood sheet
suspended 20.5 cm from the floor of the hood by a series of clamps.
It also was covered with black plastic (Figure 1).

Once the exposure area had been prepared, a series of radio-
metric readings were taken to determine the fluence rates (i.e.,
2.25 joules-sec/mz) of the four sunlamps for a variety of tissue-
culture conditions. An Optronic Laboratories model 742 spectra-
radiometer was iﬁterfaced with a model 755 data reduction system
to determine these rates and also to develop specific wavelength
profiles for the solar radiation exposures using both mylar (7 mil)
and cellulose acetate (10 mil-aged 15 hours) filters. The results
for each particular condition are summarized in Appendix B.

Wavelength spectra of these lamps through cellulose acetate
and mylar are shown in Appendix B, The mylar spectrum was noted
to be contained within the cellulose acetate spectrum and did not
include the wavelengths of particular interest (i.e., 290-315 nm).
Originally, ‘the intent had been to conduct experiments with cellu-~-
lose acetate and mylar concurrently and theﬁ any significant differ-
ence in the results could be attributed to the wavelengths (290-
315 nm) present in the cellulose acetate filtered system but not
in the mylar filtered systems. However, the results of experiment
26 showed no significant increase in SCEs of mylar filtered cells

over non-light exposed cells (Figure 6), and subsequently caused
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further use of mylar to be terminated. Most of the experiments
which involved light exposures were performed using a cellulose
acetate filter.

A Robertson-Berger sunburn ultraviolet meter was employed to
assess the dose distribution across the exposure surface (Berger,
1976). The results indicated there was less than 5% variation in
dose across the entire surface. Hdwever, beyond the limited ex-
posure surface (28 cm by 35.5 cm) the dose decreased significantly.
Thus, the exposures were cbnfined to the limited exposure surface

area described above.

CHO Cell Exposure to Simulated Sunlight

Once the fluence rates for tissue-culture flasks (T-75) and
60 mm2 petri dishes containing PBS had been established (Appendix B),
the next step wés to ascertain the effects (SCE induction, survival
and mutation frequency) of light only exposures on the CHO cells.
The affects of varying light doses (1000, 2000, 3000, 4500 and
6000 j-sec/mz) on the induction of SCEs revealed a linear relation-
ship (Figure 7). The induction of SCEs increased proportionally as
the light dose increased. Therefore, the amount of SCEs expected
at a particular light (only) exposure must be taken into account
in considering the number of SCEs induced in those experiments
where a PNAH and a light dose were combined in a treatment,

In an independent study by Dr, Rick Jostes, a survival curve
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was determined for CHO cells exposed to light doses ranging from
0-12,000 j—sec/mz. As the shoulder region in Figure 8 indicates,
light doses of 0-3500 j—sec/m2 did not alter the survival of the
cells compared to a controls.

On the basis of these results, subsequent experiments were
conducted with light doses of 2000 j-sec/m2 Qhen a PNAH compound
was also present. Thus, any alterations in survival would not be
attributed to an affect by light alone, but to a combination of the
PNAH and the light.

In HGPRT mutation studies, it was determined that an expression
time of eight days was appropriate for CHO cells that had been
treated with a light dose of 8000 j—sec/mz. The eight~day expres-
sion period was used for other combinaticn PNAH and light exposure

treatments.

CHO Cell Exposure to Light and a PNAH

Experiments, in which CHO célls were exposed to light in the
presence of a PNAH, required that the manipulations be done in a
fluorescent.light-free area. In some cases a yellow bulb was
placed over a desk-top surface while for most experiments the
preparation of the flasks and dishes for a specific exposure was
done in darkness. Prior to placing the prepared tissue-culture
petri dishes under the lights, the lids were checked for the pres-

ence of any condensation. Condensation on the lid contributed to
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some light attenuation thereby reducing the dose to the cells and
consequently affecting the survival results. Any lids which showed
any condensation were replaced with other sterile petri dish covers.
The problem of condensation in the T-75 flasks was solved by invert-
ing the flask to allow the PBS solution to absorb the condensation.
The flask was then returned to its exposure position (PBS over the
CHO cells).

Another problem that developed in the system was that many
surviving colonies seemed to collect around the edge of the petri
dish bottoms. In considering this, it was thought that the sides
of the dish may have attenuated the light to an extent that cells
closest to the outer edge of the colony had a better survival
chance than those plated in the middle. To alleviate this problem,
no colonies were counted as a survival colony that adhered to the
very edge of the bottom of the dish (i.e., closest to the walls of
the dish).

In presenting this section in the results, the number and
variety of problems associated with the completion of the primary
research objectives can be more fully understood. Solvent selec-
tion, the presence of possible photooxidation products, app;opriate
exposure solutions, dosimetry, and tissue-culture dishes were only

a few of the problems requiring solutions before definitive experi-

ments with PNAH-NUV effects on CHO cells could be undertaken.
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Simulated Sunlight-irradiated Polynuclear
Aromatic Hydrocarbons

Fluoranthene

Table 10 is a summary of the results of SCEs incurred in
Chinese hamster ovary (CHO) chromosomes subjected only to fluoran-
thene at concentrations of 0.2, 2.0 or 4.0 ug/ml in phosphate
buffered saline (PBS) or medium for various time periods; these
experiments were all performed in the absence of the sunlémps.

As can be determined from Table 11, with the exception of one re-
sult (4.0 ug/ml in Experiment 21), none of the treatments contrib-
uted to a statistically significant increase in SCEs when compared
to a statistically significant inérease in SCEs when compared to
the control values. While Experiment 21 showed a correlation of
increasing SCEs with increasing fluoranthene concentration, even

to the point of.being significantly different at the 4.0 ug/ml con-
centration level, the results of Experiment 26, using similar
concentrations, did not offer confirmation for the results of Ex-
periment 21. Also, though the results of experiments 31 and 41

are confined to 0.2 ug/ml concentrations, the number of SCEs waé
only slightly, but not significantly, increased in the PNAH-exposed
cells.

The results in Table 11 indicate that at super-saturated
fluoranthene concentrations (4.0 ug/ml), CHO cells exposed to a

sunlamp dose of 3000 j—sec/m2 filtered with either mylar (>320 nm)



TABLE 10. 1Induced sister~chromatid exchanges (SCEs) in CNO cells exposed only to 0.2, 2.0 or 4.0 ug/ml fluoranthene
concentrations.
Experiment Exposure time No. SCEs/chromosomel
number Treatment Med{um (hours) * standard error t-test

12 Control (0.0) PBS 5.00 .4818 t .03

12 0.2 ug/ml PBS 5.00 L4412 ¢ .03 N.s.}

16 Control (0.0) McCoy's + 10% K.C.’ 24.00 L4547 ¢ .02

16 0.2 ug/wl McCoy's + 10% K.C. 24,00 L4439 ¢ .03 N.S.

21 Control 90.0) MEM + 5/5 Gibco calf/ 24,00 .4028 ¢ .02
fetal calf’®

21 0.2 ug/ml MEM + 5/5 Gibco calf/ 24.00 L4060 ¢t .03 N.S.
fetal calf

21 2.0 ug/ml MEM + 5/5 Gibco calf/ 24,00 L4287 £ .03 N.S.
fetal calf

21 4.0 ug/ml MEM + 5/5 Gibco calf/ 24,00 L4759 ¢ .03 p< 0.05
fetal calf

26 Control (0.0) pBS " 0.37 .5220 ¢ .02

26 4.0 ug/ml PBS 0.37 .4882 + 02 N.S.

31 Control (0.0) PBS 0.25 .3324 ¢ .02

31 0.2 ug/ml PBS 0.25 .3336 ¢ .02 N.S.

41 Control (0.0) PBS 0.25 .3691 ¢ .02

41 0.1% methanol PBS 0.25 L3713 ¢ .02 N.S.

41 0.2 ug/ml PBS 0.25 L3541 ¢ .02 N.S.

1The SCEs were counted in 40 different cells.

2HcCoy's + 10Z Kansas City serum, growth medium,

3Hinlmum Essential Medium + 5% Gibco calf and 5% Gibco fetal calf serum.

aPhosphate buffered saline.

ZNo significant difference compared to the control.

Significantly different from the control at the 5% level.



TABLE 11.

Induced sister-chromatid exchange (SCEsS) in CHO cells exposed to 0.2 or 4.0 ug/ml fluoranthene and simulated
sunlight doses of 2000 or 3000 j-sec/w2,

1

Exper iment Light Dose Exposure time No. SCEs/chromosome

nunber Treatment Medium (j-sec/m2) (minutes) + standard error t-test
26 Control (0.0) PBS? 3000-mylar 22:13 .5513 ¢ .02
26 4.0 ug/ml PBS 3000-mylar 22:13 No cells
26 Control (0.0) PBS 3000-C.A.° 22:13 L7395 ¢t .04
26 4.0 ug/ml PBS 3000-C.A. 22:13 No cells
31 Control (0.0) PBS 2000-C.A. 14:49 .5502 t .02
31 0.2 ug/ml PBS 2000-C.A. 14:49 .5672 £ .03 N.S."
41 " Control (0.0) PBS 2000-C.A. 14:49 .6418 ¢t .04
41 0.1% methanol (0.0) PBS 2000-C.A, 14:49 .6103 = ,03 N.S.
41 0.2 ug/wl PBS 2000-C.A. 14:49 L7714 £ 04 p < 0.05°
1

The SCEs were counted in 40 different cells.

2Phosphate buffered saline.

3Cellulose acetate.

ANo significant difference compared to the control.

5

Significantly different from the control at the 5% level.

6%
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or cellulose acetate (>290 nm), did not survive. When compared to
the results from exposures to dark conditions in the same experi-
ment (Table 10, Experiment 26), CHO cells exposed to 4.0 ug/ml
fluoranthene in the absence of light did survive and showed no
statistically significant increase in SCEs. A comparison of these
two light conditions is shown in Figure 6.

Other experimental data listed in Table 11 indicate there
were contrasting results in some of the experiments. At a fluoran-
thene concentration of 0.2 ug/ml, CHO chromosomes exposed to a
light dose of 2000 j--sec/m2 did not exhibit a significant increase
in the number of SCEs as shown in Experiment 31. However, in Ex-
periment 41, conducted under similar conditions, there was a signi-
ficant increase in SCEs. Figure 9 compares SCE results of exposures
under dark and light conditions.

The data of several survival experiments, in which CHO cells
were exposed to different fluoranthene concentrations, periods of
time, and mediums, in the absence of light, are listed in Table 12.
The results of Experiments 16 and 40 indicate there were no signi-
ficant decreases in survival due to the presence of fluoranthene
when compared to the survival of untreated cells. However, in
Experiment 29, the survival of every treated sample was signifcantly
lower than the survival of the control cells. When the surviving
fractions from the treated samples are compared to those of the
control that contained 0.1% methanol, there were no significant

decreases in survival of any of the treated samples. Too, there
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TABLE 12. Surviving fraction of CHO cells exposed

only to 0.002-1.0 ug/ml fluoranthene concentrations.

Surviving Fractiond

Experiment Exposure time

number Treatment Medium (hours) standard error t-test
12 Control (0.0) pBS? - 5.00 .5920 *+ .02
12 0.2 ug/ml PBS 5.00 .5390 + .02 N.S.*
16 Control (0.0) McCoy's + 10% K.C.? 24.00 .6400 1 .03
29 0.2 ug/ml McCoy's + 10% K.C. . 24,00 .6156 = .03 N.S.
29 Control (0.0) PBS 0.23 .8483 + 02

29 0.1% methanol (0.0) PBS 0.23 .6300 * .02 p < 0.001°
29 0.002 ug/ml PBS 0.23 .5822 + .02 p < 0.001; N.S.
29 0.05 ug/ml PBS 0.23 .6278 + ,02 p € 0.001; N.S,
29 0.1 ug/ml PBS 0.23 .6056 * .04 p € 0.005; N.S.
29 0.2 ug/ml PBS 0.23 .6511 * ,03 p < 0.001; u.S.
29 1.0 ug/ml PBS 0.23 .5840 ¢ .02 p € 0,001; N.S.
40 Control (0.0) PBS : 0.23 .4373 ¢ .01
40 0.1% methanol (0.0) PBS 0.23 L4220 + .01
40 0.2 ug/ml PBS 0.23 L4360 ¢ .01 N.S.
40 Control (0.0) PBS 0.34 .4293 ¢ .02
40 0.1% methanol (0.0) PBS ' 0.34 L4267 + .02 N.S.

1The number of surviving cells divided by the number of cells plated.

2Ph05phate buffered saline.

3McCoy's + 10% Kansas City serum, growth medium,

aNo significant difference compared to the control.

5

6

methanol control,

Significantly different from the control at the .17 level,

Significantly different from the control at the ,5% level; no significant difference compared to the 0.1%

Zs
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were significant differences between the surviving fraction in

the control and 0.1% methanol control in Experiment 29, but in Ex-
periment 40 there was no significant difference between the two
controls. This suggests that either the survival value for the
control in Experiment 29 is too high or the survival value for

the same control in Experiment 40 is too low, when compared to

the survival values of the methanol and PNAH treated cells,

Table 13 summarized the data collected from two experiments.
Cells were exposed to light doses of 2000 or 3000 j-sec/m2 (Ex~
periment 40 only), and fluoranthene concentrations of 1.0, 0.1,
0.05, 0.002 (Experiment 29 only) or 0.2 ug/ml (both experiments).
In each experiment, there was a significant decrease in survival
of CHO cells exposed to 2000 j—sec/mz, in the presence of 0.2 ug/ml
fluoranthene. In addition, in Experiment 29, there were signifi-
cant dgcreases in survival at all fluoranthene concentrations,
when the surviving fraction of the treated cells were compared to
those of the untreated control cells. When the survival of treated
cells is compared to the 0.1% methanol control value, there was no
significant ‘difference with the exception of the 0.1 ug/ml con-
centration. Again, however, the surviving fraction of the 0.1%
control in light was also significantly decreased when compared
to the control value.

The results of Experiment 42 (Table 14) indicated there was a
slight increase in mutation frequency of cells exposed to simu-

lated sunlight-irradiated fluoranthene (0.2 ug/ml) compared to



TABLE 13. Surviving fraction of CHO cells exposed to 0.002-1.0 ug/ml fluoranthene and simulated sunlight doses of 2000 or

3000 j~sec/m2.

Experiment Light Dose Exposure time Surviving fraction?

number Treatment Medium (j—sec/mz) (minutes) * gtandard error t-test
29 Control (0.0) PBS? 2000-C.A.° 13:40 .7800 ¢ .01
2§ 0.12 methanol (0.0) PBS 2000-C.A, 13:40 .6580 * .03 p < 0,001
29 0.002 ug/ml PBS 2000-C.A. 13:40 .5833 * .04 p € 0.001; N.5.*
29 0.05 ug/ml PBS 2000-C.A. 13:40 .7211 & .03 p € 0.05; N.S.
29 0.1 ug/ml PBS 2000-C. A, 13:40 .5722 = .03 p € 0.001;

p £ 0.05

29 0.2 ug/ml PBS 2000-C.A. 13:40 .6467 + .03 p € 0.001; N.S,
29 1.0 ug/ml PBS 2000-C.A. 13:40 No cells
40 Control (0.0) PBS 2000-C.A, 13:40 L4193 = 01
40 0.1X methanol (0.0) PBS 2000-C.A. 13:40 .4013 ¢ .02 N.S.
40 0.2 ug/mi PBS 2000-C.A. 13:40 .1693 ¢ .02 p < 0.05
40 Control (0.0) PBS 3000-C.A. 20:29 L3967 ¢ ,01
40 0.1% methanol (0.0) lPBS 3000-C.A. 20:29 L4242 ¢ .03 N.S.

1The number of surviving cells divided by the number of cells plated.

2Phosphate buffered saline.

3Cellulose acetate,

481gn1f1cant1y different from the control at the .1% level; no significant difference compared to the 0.1%

methanol control,

VA
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TABLE 14. Induced mutation frequency of CHO cells exposed
to 0.2 ug/ml fluoranthene and a simulated sun-
light dose of 2000 j-sec/m2.

Light Dose Induced mutation
Treatment (j-sec/m2) frequency?!
Control (0.0) None 9.046 x 10-6
0.1% methanol (0.0) None , 1.005 x 10—S
0.2 ug/ml None 8.849 x 10—6
Control (0.0) 2000~C.A. 2 1.392 x 107
0.1% methanol (0.0)  2000-C.A. 1.724 x 107
0.2 ug/ml 2000~C.A. 4.306 x 107>

lMutation frequency (induced) is determined by this

formula:

number of mutant colonies counted
number of cells plated x plating efficiency (PE)

2Cellulose acetate.
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untreated cells. The results also indicated that there was no
significant difference in induced mutation frequencies between the

control and 0.17 methanol control treated cells.

Phenanthrene

The data in Table 15 are concerned with the sister-chromatid
exchanges that occurred in phenanthrene-exposed CHO chromosomes,
in the absence of light. There was a significant increase in SCEs
in chromosomes exposed to 1.0 ug/ml phenanthrene for a period of
26.5 hours (Experiment 16). During a similar period, and under
similar conditions, SCEs at the 5.0 and 10.0 ug/ml phenanthrene
concentrations were significantly greater than the controls, but
there were no differences at the 1.0 ug/ml level. In contrast to
the results of Experiment 18, there was no significant increase in
SCEs at the 10 ﬁg/ml phenanthrene concentration levels in
Experiment 26.

The data in Table 16 indicate that CHO chromosomes exposed
to a light dose of 3000 j—sec/m2 in the presence of 10 ug/ml
phenanthrene did not show a significant increase in SCEs when
compared to cells not exposed to the PNAH. However, there was a
significant difference in the numbers of SCEs induced in those
cells exposed to the light filtered with mylar as compared to that
filtered with cellulose acetate. Cellulose acetate filtered

light doses caused a significant increase in SCEs in both the




TABLE 15. Induced sister-chromatid exchanges (SCEs) in ClO cells exposed only to 1.0, 5.0 or 10.0 ug/ml phenanthrene.
Experiment : Exposure time No. SCEs/chromosome!
number Treatment Medium (hours) t standard error t-test
16 Control (0.0) McCoy's + 10% K.C.? 26.50 L4547 ¢ .02
16 1.0 ug/ml McCoy's + 10X K.C. 26.50 .5609 t .03 p < 0.01"
18 Control (0.0) McCoy's + 10X K.C. 26.50 .3619 ¢t .03
18 1.0 ug/ml McCoy's + 10% K.C. 26.50 L4156 ¢ .03 N.s.S
18 5.0 ug/ml McCoy's + 10% K.C. 26.50 L4564 £ .03 p € 0.05
18 10.0 ug/ml HpCoy's + 10% K.C. 26.50 L4778 £ ,03 p & 0.01
26 Control (0.0) pBS? 0.37 .5220 t .02
26 10.0 ug/ml PBS 0.37 L4695 .03 N.S.
1

The SCEs were counted in 40 different cells.
2McCoy'8 + 10X Kansas City serum, growth medium,

3Phosphate buffered saline.

QSIgniflcantly different from the control at the 1% level.

5No significant difference compared to the control.

LS



TABLE 16, Induced sister-chromatid exchanges (SCEs) in

simulated sunlight dose of 3000 j-sec/mZ,

CHO cells exposed to 10.0 ug/ml phenanthrene and a

Experiment Light Dose Exposure time No. SCEs/chromosome'
number Treatment Medium (§-sec/m2) (minutes) t gtandard error t-test
26 Control (0.0) pBS? 3000-mylar 22:13 .5513 ¢+ .02
26 10.0 ug/ml PBS 3000-mylar 22:13 .5384 ¢ .03 N.s."
26 Control (0.0) PBS 3000-C.A.° 22:13 .7395 t .04
26 10.0 ug/ml PBS 3000-C.A. 22:13 .8343 £ ,05 N.S.

lThe SCEs were counted in 40 different cells.

2Phosphate buffered saline.

3Celluloae acetate.

ANo significant difference compared to the control.



treated (PNAH) and untreated cells as compared to the mylar fil-
tered exposed cells., A graphic comparison of these results is
shown in Figure 6.

Chinese hamster oﬁary cells exposed to varying phenanthrene
concentrations ranging from 3 minutes, 25 seconds to 26.5 hours,
in the absence of light, showed few significantly toxic effects.
Data from these experiments are shown in Table 17. With the ex-
ception of the significant increases in survival of: (1) the 0.1%
methanol-treated cells in Experment 18; (2) the 5.0 ug/ml phenan-
thene-treated cells in Experiment 18; and (3) the 0.01 ug/ml
phenanthrene-treated cells in Experiment 35, there were no signi-
ficant differences in survival between samples compared to controls
within giyen e#periments.

The surviviﬁg fractions of CHO cells exposed to different
light doses in the presence of varying phenanthrene concentrations
are categorized in Table 18 and are shown in Figure 10. At a light
dose of 2000 j-sec/mz, the survival of CHO cells exposed to
10.0 ug/ml phenanthrene was significantly decreased when compared
to the untreated, 1light only exposed control cells (Experiment 35).
At a similar phenanthrene concentration (10.0 ug/ml), only a light
dose of 6000 j--sec/m2 caused a significant decrease in cell sur-
vival (Experiment 36). Light doses of 4500, 2000 and 500 j-sec/mz,
in combination with 10.0 ug/ml phenanthrene, caused no significant
decrease in survival. Not only did Experiment 35 reveal a signi-

ficant decrease in survival at a light dose of2000_j—sec/m2 and a




TABLE 17,

Surviving fraction of

CHO cells exposed only to 0.01-10.0 ug/ml phenanthrene.

Experiment Exposure time Surviving fraction!

number Treatment Medium (hours) t standard error t-test
16 Control (0.0) McCoy's + 10Z K.C. 24.00 .6400 ¢ ,03
16 l.b ug/ml McCoy's + 10X K.C. 24.00 .6511 ¢ ,02 N.s.”
18 Control (0.0) McCoy's + 10X K.C. 26.50 +5920 ¢ ,02
18 0.1% methanol (0.0) McCoy's ‘+ 10% K.C. 26.50 .6893 t ,02 p €0.01%
18 1.0 ug/ml McCoy's + 10% K.C. 26.50 .6307 ¢ .02 N.S.
18 5.0 ug/ml McCoy's + 10X K.C. 26.50 .7253 ¢ .04 p £0.05
18 10.0 ug/ml McCoy's + 10X K.C. 26.50 .5867 ¢ ,02 N.S.
35 Control (0.0) pBs’ 0.25 .5850 t .02
35 0.1X methanol (0.0) PBS 0.25 .5689 ¢ .02 N.S.
35 0.01 ug/ml PBS 0.25 .6456 t .01 p %0.05
35 0.1 ug/ml PBS 0.25 .6022 ¢t .03 N.S.
35 1.0 ug/m} PBS 0.25 ,6678 ¢+ .03 N.S.
35 5.0 ug/ml PBS 0.25 .5667 ¢ .03 N.S.
35 10.0 ug/ml PBS 0.25 .5356 ¢ .03 N.S.
36 Control (0.0) PBS 0.68 4560 t .01
36 10.0 ug/ml PBS 0.68 .4510 ¢ .02 N.S.
36 Control (0,0) PRS 0.51 .5333 ¢ ,01
36 10.0 ug/ml PBS 0.51 .5033 ¢ ,02 N.S.
36 Control (0.0) PBS 0.23 .4893 ¢ ,02
36 10.0 ug/ml PBS 0.23 .5040 ¢ .01 N.S.
36 Control (0.0) PBS 0.06 4560 ¢ ,03
36 10.0 ug/ml PBS 0.06 .3907 = .01 N.S.
lThe number of surviving cells divided by the number of cells plated.
zHcCoy's + 10%Z Kangsas City serum, growth medium,
JPhosphate buffered saline,
I‘No significant difference compared to the control.
5

Significantly different from the control at the 1% level,

€9



TABLE 18. Surviving fraction of CHO cells exposed to 0.01-10.0 ug/ml phenanthrene and simulated sunlight doses of

500-6000 j-sec/m2.

Experiment Light Dose Exposure time Surviving fraction®

number Treatment Medium (j-sec/mz) (minutes) t+ gtandard error t-test
35 Control (0.0) PBS?2 2000-C.A.° 13:40 .6562 + ,02
35 0.1%Z methanol (0.0) PBS 2000-C.A. 13:40 .5967 ¢+ .01 p S 0.05"
35 .01 ug/ml PBS 2000-C.A. 13:40 .6144 ¢ .01 N.S.°
35 0.1 ug/ml PBS 2000-C.A. 13:40 .6056 & .02 N.S.
35 1.0 ug/ml PBS 2000-C.A. 13:40 6844 £ .04 N.S.
35 5.0 ug/ml PBS 2000-C.A. 13:40 .4900 t .05 p £ 0.05
35 10.0 ug/ml PBS 2000-C.A. 13:40 .5022 ¢ .02 p< 0.001
36 Control (0.0) PBS 6000-C.A, 40:59 .3560 ¢ .02
36 10.0 ug/ml PBS 6000-C.A. 40:59 .1520 ¢ .01 p< 0.001
36 Control (0.0) PBS 4500-C.A. 30:44 L4400 ¢ .03
36 10.0 ug/ml PBS 4500-C.A. 30:44 .3720 = .02 N.S.
36 Control (0.0) PBS 2000-C.A. 13:40 .4883 & .01
36 10.0 ug/ml PBS 2000-C.A. 13:40 L4147 £ .03 N.S
36 Control (0.0) . PBS 500-C.A. 3:25 .4907 + .03
36 10.0 ug/ml PBS 500-C.A. 3:25 L4733 ¢ .02 N.S

lThe number of surviving cells divided by the number of cells plated.

2Phosphate buffered saline.

3Cellulose acetate.

aSiguificantly different from the control at the 5% level.

5No significant difference compared to the control.

19
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PNAH concentration of 10.0 ug/ml, but also reflected significant
survival decreases under a similar light dose at 5.0 ug/ml and

in the 0.1% methanol control groups of cells.
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DISCUSSION

Development of the System

The development of a reliable system to measure the effects of
simulated sunlight-irradiated polynuclear aromatic hydrocarbons
(PNAHs) in mammalian cells required the consideration of‘several
problems.

Selection of methanol as the PNAH solvent, monitroing the fluc-
tuating PNAH concentration levels and evaluating the influence of
glass vs. plastic tissue-culture flasks on changes in PNAH concen-
trations, were all important factors in insuring that the defined
PNAH concentration was maintained during each experimental exposure.
It is noted that continuous measurement of the PNAH concentration
throught an experiment was not addressed previously in any PNAH
related studies (Huberman and Sachs, 1976; Newbold et al., 1979;
Barnhart and Cox, 1980). TFor example, Barnhart and Cox (1980)
dissolved a PNAH in dimethylsulfoxide (DMSO) and stored it for up
to 4 weeks with no consideration of measurements to detect any sub-
sequent changes in PNAH concentration levels. My research results
indicate clearly that large changes in fluoranthene, and to a lesser
extent phenanthrene concentrations occurred over time. Thus, fresh
solutions must be prepared prior to each experiment in order to in-
sure accurate concentrations,

Because of the paucity of definitive studies in the literature,
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I also found it was necessary to consider the effects of several
other experimental materials and substances on CHO cells. The
effects of methanol, plastic tissue-culture flasks, phosphate
buffered saline (PBS), and 5-bromodeoxyuridine (BrdUrd) on the
induction of SCEs and/or survival were all considered prior to

any simulated sunlight-irradiated PNAH experiments. For each
factor, no significant changes in SCEs or survivals were deter-
mined (Tables 1, 2, 3, 7, 8, and 9). My findings agree with
others in which no significant effects on CHO cells were associ-
ated with phosphate buffered saline (Hsie et al., 1977; Zelle et
al., 1980), BrdUrd (Wolff and Perry, 1974) or methanol (Obe and
Ristow, 1977). Finally, it should be mentioned that the effect of
plastic tissue~culture flasks on the induction of SCEs and survival
has not been well-documented in the literature. Therefore, the
results of my study can serve as a model for other studies to be
conducted using-this system. Once these problems had been consi-
dered and evaluated, I proceeded.to use the system I developed to
gather som preliminary data on the effects of simulated sunlight-

irradiated PHANs on CHO cells.

Simulated Sunlight-irradiated Polynuclear
Aromatic Hydrocarbons (PNAHs)

The process of light-activation of promutagens/procarcinogens

as opposed to either enzymatic or metabolic activation was first

considered by Lewis (1935). He showed that by combining certain
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PNAHs and light, the killing of cultured chick embryo cells was
enhanced (Lewis, 1935). More recent studies that have examined the
effects of light-activated PNAHs in mammalian cells have been con-
fined to the use of survival and the HGPRT mutation frequency assays
(Santamaria et al., 1966; Jones and Leber, 1979; Barnhart and Cox,
1980; Strniste and Brake, 1980; Strniste et al., 1980-1981). ©No re-
ferences about the use of the SCE technique as a way to assess simu-
lated sunlight-PNAH effects on CHO cells have been mentioned in the
literature.

Mutation frequency and cell survival have been utilized as
tools to measure the effects of near-ultraviolet radiation on CHO
cells (Todd et al., 1968; Jostes et al., 1977; Rothman and Setlow,
1978; Zelle et al., 1980). The mutagenic and toxic effects of PNAH
compounds have also been examined extensively (Huberman and Sachs,
1976; Newbold et al., 1979; Oesch et al., 1981). The use of the
sister-chromatid exchange assays, however, have been limited to
studies on the effects of near-ultraviolet light (Kato, 1973;
Rommelaere et al., 1973; Wolff eg al., 1974) or with studies that
were concerned only with the effects of PNAH compounds on CHO
chromosomes (Bayer and Bauknecht, 1977; Connell, 1979; Roszinsky-

Kocher et al., 1979).

Fluoranthene

The sister chromatid exchange results described in Tables 10

and 11 indicate several things. When cells were ekposed to
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non-irradiated fluoranthene concentrations (Table 10), there were
no significant differences between the number of SCEs induced in
treated cells as compared to untreated cells in all but one of the
experiments; the one exception was the 4.0 ug/ml fluoranthene con-
centration treatment in Experiment 21. A similar concentration ex-
posure in Experiment 26 did not cause a significant increase in SCEs
as compared to the control. However, there was a substantial differ-
ence in exposure time between experiments (24 hours for Experiment 21
vs. .37 hours for Experiment 26) which could have accounted for the
variability in SCE induction. Another interesting result (Table 10)
was that, as the fluoranthene concentrations increased beyond the
maximum solubility level (0.2 ug/ml), the number of SCEs per chromo-
some also increased. At concentrations that exceed the maximum solu-
bility level, the results of the HPLC analysis indicated that
fluoranthene was not entirely in solution but was also present in
a crystalline form., This fact leads me to believe that the in-
creased number of SCEs at the higher concentrations may be the re-
sult of a membrane~type of effect caused by the fluoranthene
crystals,

A light dose of 2000 j—sec/m2 applied to 0.2 ug/ml fluoran-
thene-treated cells caused no significant increase in the number
of SCEs (Experiment 31, Table 11). By contrast, CHO chromosomes
subjected to similar conditions in Experiment 41 did show a signi-
ficant increase in SCEs when compared to an untreated (no PNAH),

but light exposed control. This apparent difference may have been




due to experimental differences in plating efficiency, the count
in the number of SCEs and/or fluoranthene concentrations. One
result that appears in Table 11 is more closely associated with
cell survival than sister-chromatid exchanges. Cells exposed to
super-saturated fluoranthene concentrations (4.0 ug/ml) only, and
to a 3000 j--sec/m2 light dose did not survive.

It is also of interest to note that the number of SCEs was
significantly higher in cellulose acetate filtered light exposures
compared to mylar filtered‘light exposures. Thus, the harmful
nature of the near-ultraviolet region (290-320 nm) was reflected
in an increased number of sister-chromatid exchanges as well as by
the death of CHO cells when fluoranthene was also present at the

doses investigated. The results of Elkind and Han (1977) and

Rothman and Setlow (1978) both suggest that damage can occur to
cells that are exposed to these wavelengths of light.

In another experiment (Experiment 29, Table 13) with a similar
result, cells exposed to 2000 j-éec/m2 cellulose acetate filtered
light and 1.0 ug/ml fluoranthene also failed to survive. Light
doses of 2000 and 3000 j-—sec/m2 occur in the shoulder region of
the light only survival curve (Figure 8) ana, thus, could not be
solely responsible for the cell death in these two experiments.
Therefore, super-saturated concentrations of fluoranthene
(>0.2 ug/ml) irradiated with such light doses may have been acti-
vated to cause a toxic effect.

Fluoranthene concentrations near maximum solubility levels did
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not contribute to significant decreases in survival in non-irradiated
conditions (Table 12). Again, these results suggest that some form
of activiation is necessary in order to convert a parent PNAH com-
pound to a toxic agent. Though there appeared to be significant
differences in survival between untreated and treated cells in
Experiment 29 (Table 12), I believe the reason for this was due to
an anomalously high control value. When the treatment survival values
are compared with the 0.17% methanol control value, there are no signi-
ficant differences. The high control value was most likely caused by
an error in plating. Further, the results of Experiments 12, 16,
and 40 all indicated no significant differences in survival between
the untreated controls, the 0.1% methanol controls or the 0.2 ug/ml
fluoranthene~treated cells.

The results of Experiment 29 shown in Table 13 indicate that
CHO cells exposed to simulated sunlight-irradiated fluoranthene
showed significant differences in survival when compared to the
light only (no PNAH) exposed control cells. However, I believe
the control value for this experiment may have been abnormally
high and should not be considered as the basis for comparison of
the treated values. When the treated cell éurvival results are
compared to the 0.1% methanol control, the only significant decrease
in survival occurred at a fluoranthene concentration of 0.1 ug/ml.
It is noted that the 0.2 ug/ml value was not significantly different
when compared to the‘O.lz methanol control. 1In addition, the re-

sults of Experiment 40 (Table 13) show the survival of cells




exposed to a similar fluoranthene concentration (0.2 ug/ml) wa;
significantly decreased when compared to survival of the untreated
(no PNAH), but light exposed cells. The results of these two
studies indicates the survival of CHO cells exposed to simulated
sunlight-irradiated (2000 j-sec/mz) fluoranthene concent;ations at
the maximum solubility level (0.2 ug/ml) may be significantly de-
creased when compared to the survival of light only exposed cells.
Also, there may have been some decrease in survival in those cells
exposed to a similar light dose in the presence of fluoranthene
concentrations that were less than the maximum solubility level
(<0.2 ug/ml). However, further studies will be required to confirm
or deny these findings.

The interpretation of results described in Table 14 is supported
by data included in Tables 10-13. Fluoranthene (0.2 ug/ml) exposed
to a light dose of 2000 j-sec/m2 may have been activated to a
mutagenic agent. The fluoranthene-treated cells did show an increase
in mutation frequency as compared té the untreated (no PNAH), light
exposed cells. Again, additional studies will be required to con-

firm this preliminary result.

Phenanthrene

The results included in Table 15 are conflicting and difficult
to interpret. The maximum solubility level of phenanthrene (1.0

ug/ml) appeared in Experiment 15 to induce SCEs at a significantly
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higher level than the contrecl, while in Experiment 18 that was not
the case. Also, the resulls of Experiment 18 indicated there was a
significant increase in SCE induction at super-saturated levels (5.0
and 10.0 ug/ml), but the results of Experiment 26 at 10 ug/ml did
not confirm this. On the basis of other work described in the litera-
ture, phenanthrene is not considered to be a mutagenic o¥ carcino-
genic agent (Huberman and Sachs, 1976; Bucker et al., 1979, Oesch et
al., 1981). The results of Table 16 show there was no significant
increase in the induction of SCEs in CHO chromosomes exposed to a
light dose of 3000 j-sec/m2 and 10.0 ug/ml phenanthrene as compared
to a similarly light only treated control. Also, the number of SCEs
induced by cellulose acetate filtered light was significantly greater
than that induced by the mylar filtered light. However, unlike phe-
nanthrene, fluoranthene did not induce any SCEs in Experiment 26,
because the cells did not survive.

Tables 17 and 18 summarize the survival results of phenanthrene-
exposed cells in the absence or presence of simulated sunlight, res-
pectively. The only significant differences in survival (Table 17)
were those where the treated (phenanthrene) cells had a significantly
greater survival than untreated control cells. Except for the differ-
ences in results between Experiments 18 and 36, it might seem that
a super-saturated level of phenanthrene actually enhanced the sur-
vival of CHO cells in the absence of light. However, the conclusion
I have drawn from this data is that super-saturated levels of

phenanthrene did not égfect the survival of CHO
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cells in the absence of an activation event such as exposure to
simulated sunlight, Again, errors in plating cell numbers were
probably the cause of the questionable values in Experiment 18,

Chinese hamster ovary cells exposed to super-saturated phenan-
threne concentration levels (5.0 or 10.0 ug/ml) and a light dose
of 2000 j—sec/m2 showed a significant decrease in cell survival
as compared to the survival of untreated (no phenanthrene) light
only exposed cells (Experiment 35, Table 18). However, data from
Experiment 36 did not support these results since cells exposed to
similar conditions (2000 j—sec/m2 and 10.0 ug/ml phenanthrene) did
not show a significant decrease in survival as compared to the
survival of the untreated (no PNAH) cells.

A light dose of 6000 j—sec/m2 combined with a dose of 10.0 ug/ml
phenanthrene was required to cause a significant decrease in cell
survival. It is uncertain whether this decrease in survival was the
result of the high light dose alone, or due to the combination of
simulated sunlight and pheﬁanthréne; 6000 j-sec/m2 is in the expo-
nential part of the light only survival curve (Figure 8), and hence,
could cause 'a decrease in survival without the presence of a PNAH
substance. Nevertheless, in each study lisfed in Experiment 36,
phenanthrene-treated cells consistently showed a lower fraction of
survival than did the light only exposed cells to which they were
compared. That suggests the decrease in survival reflected in
these experiments may have been related to the action of an unknown

agent derived from the possible activation of phenanthrene by
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simulated sunlight,

The emphasis of this research was to develop an experimental
system that could be used to evaluate the effects of PNAHs, simu-
lated sunlight, and simulated sunlight-PNAH interactions on
Chinese hamster ovary cells, ﬁsing sister-chromatid exchanges,
survival and mutation frequencies as the endpoints. I believe
that the system developed during these studies has significant
potential for application in these and other studies using differ-

ent organic chemicals.,
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SUMMARY

A system that can simulate the interactions of sunlight (speci-
fically the near-ultraviolet region) and polynuclear aromatic hydro-
carbons (PNAHs) in the aquatic environment has been developed as a
result of this research. Various components of the system have been
tested for their individual effects on Chinese hamster ovary (CHO)
cells with respect to inducing sister-chromatid exchanges (SCEs) or
mutation frequencies, and decreasing cell survivals. Methanol,
plastic tissue-culture dishes, phosphate buffered saline and
S-bromodeoxyuridine (in SCE experiments only) all have been shown
not to significantly affect the growth or development of mammalian
cells.

A second objective of this research was to measure the effects
of simulated sunlight~irradiated PNAHs on CHO cells. Several things

were learned in completing this objective, including the following:

¢ The presence of fluoranthené or phenanthrene at maximum solu-
bility concentrations in medium (24 hours) or phosphate
buffered saline (5 hours) did not induce sister-chromatid ex-~
changes or decrease CHO cell survival when compared to control

values.

¢ Simulated sunlight (>290 nm) did contribute to a linear in-
crease in sister-chromatid exchanges with corresponding in-

creases in lightrdose.




¢ Simulated sunlight-irradiated fluoranthene at super-
saturated concentrations resulted in cell death, while simi-
larly exposed maximum solubility concentration levels of
fluoranthene showed only slight decreases in survival, as well
as increases in sister-chromatid exchanges and mutation

frequencies.

¢ Simulated sunlight-irradiated phenanthrene at super-saturated
concentrations showed a significant decrease in cell survival,
but no increases in sister-chromatid exchanges. Phenanthrene
present at the maximum solubility level and exposed to simu-
lated sunlight did not contribute to decreases in cell survival

or increases in SCEs.
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CONCLUSIONS

In this research, the system developed to simulate and mea-
sure the effects of sunlight and polynuclear aromatic hydrocarbon
interactions in the aqueous eﬁvironment will serve as a tool for
future studies in this area of interest.

The results of this study indicate that solar-irradiated
fluoranthene may be mutagenic to mammalian cells. More importantly,
at concentrations that exceed the maximum solubility level, the re-
sults of such an interaction may be cell death.

By contrast, with respect to solar-irradiated phenanthrene, the
results suggest that there may be only a slight decrease in survival
at concentrations that exceed the maximum solubility levels. Fur-
ther, the results of this study give no indication that there is a
mutagenic effect induced in CHO cells after exposure to solar-
irradiated phenanthrene.

In conclusion, it would be advisable to repeat several of the
solar-irradiated PNAH experiments to further confirm or deny the
results reported here. In addition, further research could be
directed towards testing a variety of otherAPNAHs and their capa-~
city for being activated to mutagenic or carcinogenic compounds.
Both the system developed here and the established assays would

make this type of project a feasible one.
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TABLE 19.  Spectroradiometer dose readings for various exposure conditions.

Tissue-culture Dose Total dose
container -Medium Filter (295-360 nm) (400-800 nm) (j-sec/m2)
T-75 flask PBS (10 mls) Mylar 0.605 1.222 1.83
T-75 flask PBS (10 mls) Cellulose acetate 1.002 1.248 2.25
T-75 flask McCoy's + 10% Kansas Mylar 0.409 1.020 1.43
City serum (10 mls)
T-75 flask McCoy's + 10% Kansas Cellulose acetate 0.660 1.080 1.74
City serum (10 mls)
60 mm Petri dish PBS (5 mls) Mylar 0.658 1.304 1.96
60 mm Petri dish PBS (5 mls) Cellulose acetate 1.122 1.314 2.44
60 mm Petri dish McCoy's + 10% Kansas Mylar 0.524 1.073 1.60
City serum (5 mls)
60 mm Petri dish McCoy's + 10%Z Kansas Cellulose acetate 0.457 1.171 1.63

City serum (5 mls)




