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CHAPTERI
INTRODUCTION

The initial basis for this study was provided by the observations
of Jones et al. (1964, and unpublished data) who found that the addition
of certain synthetic steroids to the water surrounding developing fish
and amphibian embryos would elicit the production of hyperplasia and
abnormal growths especialiy in the tail region,  One éf these steriods,
1,3,5(10), l6-estratetraen-3-o0l (#742), was used in a series of studies
to determine its cytological effects on L-fibroblasts (Bourne and Jones,
1 1964). It was found to have effects on cellular morpholégy, rates of -
cell division and the percentage of multinucleate cells.

The purpose of the present project was to study in vitro the cyto-
logical effects on fish cells produced by three of the most active hydro-
carbons studied by Jones and Huffman (unpublished data). The three
hydrocarbons used in the study were: 1, 3,5(10), 16-estratetraen-3-ol
(#742), 17« methylestra-1, 3,5, (10)-triene-3,178 -diol (#837), and
9, 10-dimethyl 1, 2, benzanthracene (#788-DMBA).

Cell cultures were studied on the premise that treated cells in

vitro should imitate the intracellular phenomena occurring in vivo,

¢

This experimental technique is especially useful in that it allows one to



)

observe cells under laboratory conditions at different time periods, to

compare effects of agents on cells from different organisms, to study
L

cells of different levels of differentiation, and to eliminate in vivo

changes or modifications of effects produced by cells of other organ
systems.

Since tumor formation and hyperplasia are typified by a high rate
of cell division, morphological changes and individual cellular abnor-
malities, it is felt that this direct approach is a valid experimental
method for studying agents inducing abnormalities in living organisms.

. Two morphologically different fiéh cell lines were used; a fibro-
blastic line from rainbow trout gonad RTG-2 (Wolf, 1962), and an epi-
thelial line frpm the fathead minnow FHM (Gravell, 1965). Effects on
the rates of cell division were estimated by determining the mitotic in-
dices., It is felt that the mitotic index, as determined by large numbers
of cells, is superior to either nitrogen determination or the Coulter
counter methods as it allows for a thorough direct observation, and
provides a more reliable count by visual elimination of dead cells and
debris.

Multinucleation, often observed among malignant and anaplastic
cells, and which also occurs at a higher than normal rate among cul-
tured cells, was calculated. This aspect of the project served to de-

tect the action of the chemicals in stimulating abnormal cell division.



CHAPTER II
LITERATURE REVIEW

One of the earliest investivgators to use a form of tissue culture
was an embryologist seeking answers to problems concerning embryonic
regulation. Wilhelm Roux in 1885 performed an experiment which pro-
vided the foundation upon which the technology of tissue culture developed.
He found that the medullary plate of a chick embryo could be maintained
in warm saline for a few days (Paul, 1960).

Arnold implanted fragments of alder pith into frogs. He found
that the pith would become infiltrated by leukocytes and that the leuko-
cytes could be maintained for a few days when removed and placed in
warm saline. Ljunggren in 1898 (Paul, 1960) demonstrated that cells
from human skin could survive for many days in ascitic fluid.

The hanging drop method of tissue culture was contributed by
Jolly in 1903. Later in 1906, Beebe and Ewing attempted to grow an
"infective canine lymphosarcoma!' in the blood systems of infected and
uninfected dogs (Beebe, 1906). This work marked the beginning of the
use of a form of tissue culture as a means for studying neoplasia.

The early controversy regarding the normal functioning of cul-

tured cells was settled by the investigations of Harrison (1907).



Harrison explanted medulla.ry tube tissue from frog embryos‘ onto clots
of frog lymph. These btissue,s survi{fed for some w-eéks undér‘aseptic
conditions and development of axons occurred. This experiment is re-
gai‘ded as the true beginning of tissue culture (Paul, 1960).

Burrows (1910), Lewis aﬁd Léwis (1911) and Carrel (19;12) con-
tributed a great deal to tissue culture fechnology including the us‘e of the
plasma clot and the additi;)n-"of erﬁbryo extract to the media.

From the time of Beebe and Ewing, the potentialities of. tissue
culture as an investi’gatioﬁal tool in cancer research were recognized.
The National Cia;nce»r Institute began fo employ these methbds ‘early un-
der the direction of Dr. Wilton R. Earle, Fromt his labératofies came
such contributions té tissﬁ-e‘ culture as propagation of cells in suspen-
sion, growth of cells directly on glass, >and clone grdwfh _from a single -
cell. |

Tissue culture haé been used as a means for studying effects of
chemical agents sinqe the 1930's with the work of Brues et al (1936) on
the metaphasic ‘blockage‘effects produqed by colchicine (Eigsti, 1955).
The exact molecul&r nature of the colchicine effects haye vet Itovbe
elucidated, but from these and other studies, a great‘de'al of informa-
tion has accumulated 'cor‘lcerning the use of tissue cultur_e,a.tbs an inves-
tigat’ional tool.v

Creech (1940}, F.uvr'ﬂukana (1960), Sacerdote (1949), Portugal

(1951), Cagianut (1951), Bach (1933), Earle (1943), Goldblatt (1953),



Haddow (1939), and others have found chemical agents which would in-

crease or inhibit cell division, cause malignant transformation, or

change the morphology of cells in vitro.

Chemical,..#_‘742

’ Jonssl(l964)‘ used fish ebrnlbrAyov-s, ‘Branchydanio reriq (Ha.milton)
as a“-nié_thod of -s‘cv::.t‘ebeﬁibn.g chemical»s which affect mit‘osis _and/orb smbry-
onic d‘ifférentiat'ian. He found 1, 3 5, (10):, lé-estfatetraeﬁ-S-ol ‘(#..74-2)'
not ts lse cytostatlstlcally active durmg early cleavage, however it did
caus'e abns:rinal dsvelolsment and ,h‘yﬁerplastic'gpowth after considver— |
..able,‘oragns-ge"nesis Vha‘,d o,ccqrré.d.. At concsntrations o'f 2.0 parts p'vevr
: millib‘n-(i)‘pfn). ,#742’.- a11_v embrybs :teste_d developed necrotic tail ti.ps,
and at lower ’c.o'ncsntraltijqn'sofO.»l,ppm to 0.5 ppm,sirnilar activify

© was _noted'in_~many.vsp.e'cir'nens. ‘Exposure of eggs and larvae of Rana

: ’p_il_)_e_ri_s_‘t‘o covn‘centr.af»ioﬁs of 1.0 ',to. 5.0 ppm #742 caused bizarre epi-
theha.l growths on ;‘,he tail tlps. |

| Huffman et al (1955) found that #742 d1d not 1nh1b1t pltultary gona-
dotropm in the parablotlc rat even at dosages of 50\/ Prehmmary
studies done at th5e _Univsr s:%ttylo'f ~C.avlifo'rnia N'aval Biqlogical Labora-
' :tovr‘ylion the in @{effecfcs_‘ of #742 on"jvpig“lsidney cells indicated that
‘ thlS chsmisél svt‘i_rr.nivl'ated 'csll divisio:n' (Jsﬁes, snpubli'shsa dats,);

Bourne and Jones (196,4) studied the cytological effects of #742 on

mammalian L-fibroblasts in vitro. An increase in the mitotic index

from 3. 64% in the control cultures to 4. 50%was obtained when 0.5 ppm



#742 was added to the culture medium. 1.0 ppm increased the'pe_rcent-
age ofvc‘e}_ls in mitosi‘s to 6.60%; 5 0 ppm #742 .increased‘t.:he-mitotic in-l
dex to 6.06%, a slight decbzrea‘sbe-ovef the 1.0 ppm cultures; 10.0 ppm |
#742 increased the rate to 11, 1'4%; 20, 0-pi)m #742‘increas“éd .the rate to
13. 64%; and 40.0 ppm was lethal. |

Herﬁocytometér cell co".uh't’s were 'made to substanéiéte the data
obtained from the»détel,'rhin_a.tions of the mitotic‘fi.nckili;:es;.- An increase -
in the tota:i numbers of éells in the treated cultures over the controls .
was noted.

i, 3, 5,(10), '16l4esfratetaen-3-ol (#742) was 'prepa..red 'bY"-»Huffman
et al (1955) by the sel‘ective benzoylation of e‘sti‘adiol-3,“16‘B to give the
3-benzoaté, which \‘xias ”the”.n esterified with:p-to‘lu'enesulfoxiy'l éhloride
té yield Clé-fosylate. ‘ Tixis compound Wasrefluxéd in co‘llidiné thefeby
remqving p‘-toluene'sulf.‘oﬁi'c acid and effecting a double bond a%tl Cy4-Cy7e

vPropyvlelne gl’ycolv,‘ uéed as a solvent for the ste'roi;d,v w.a;,s tested
tov',dbserx;e if ‘ainy cytological efféctg‘were being produced ‘by it. It was
foupd that cultures c;onfaiﬁing 2% propylene glycol exlhibit‘ed a mitovtic:
- rate of 7.2%, as compa..r.ed-witlh 3, 64% in the controls; ar;d’ cultu_res con-
tainﬁng 4% propylene glycol had no cell atfa;:hmgnt. Neu_.komm (1957)
fepcrted that propylehe giycol had a sligiut effect on growth when used
as a solvent for methylchoianfhrene. Ruhmann and Berliner (1965)
found no inhibition ofi gro‘wthvusing prdpyiéne glycol as st‘e‘roici. solvent

at concentrations of 1.5 ppm.



Bourne and Jones. (1964) also noted that rharked morphogical
changes were produced by #742. Cells wei'e typed acc;‘or‘ding' to three
morphological forms Wh‘ich were generally seen: type I, a large
rounded cell with an abundance of cytoplasm; typell, a smaller stell-
ate cell with definite cytoplasmic projections usually at oppoéite poles;

and type III, a small fuéiform or spindle shaped cell,

Figure 1. Thfee vMorphol.ogica.l Cell Types Seen in #742 ’i‘r'eated
L-fibroblasts - : . :

A tran*siﬁon from the less differentiated and aﬁaplastic type I
cell to the more typical fi‘lv)robla‘stivc fusiform type III ‘c‘ells \&as ob-
served. This transition was directly correlated with the increase in
concentration of the 'hydro.cé.rbon. Propylene glycol produced only
slight morphological chgnges toward an epitheloid type of cell at con~

centrations of 2.0%

CHs

Figure 2. Structural Formula of 1, 3,5, (10), 16-estratetraen-~3-ol,
Chemical #742



Chemical #837

Garner (1961) noted that 17c¢methylestradiol (chemical #837)

affected embryonic development of the zebra fish, Branchydanio rerio

(Hamilton), in as low a. concentration as 0. 18 ppm wheri added to the
water surrounding ‘d:eveloping embryos in early cleavage, Especially
* the tail and gut were susceptible to damage by the cherx;ical. At con-
centrations of 0.5 and 1.0 ppm, little development occurred in the
early embryonic stagebs. |

It was noted that vthe cleavage lines present at the time of expos-
ure underwent fading, and thirty minutes after exposure, cells of the
early cleavage.embryo;s appeared indistinct as separate cells, Tests
run on 24 hour embryos, which had already undergone considerable
organogenesis, showed that low concentrations of 0, 56 i)pm and 1.0
ppm to have little or no effect. Higher concentrations of 1.8, 3.2,

5.6 and 10,0 ppm immediately impaired cell dijvisio.n.

Cytological examination indicated the chemical ha,d“t‘he éffec.t of
prvoducing a 'stoppa,ge of mitosis in whatever étage the cell was in, with
a preference for meté,pha,se (Garner, p.18). Nuclear membranes of
prophase cells were observed to break down with subsequent termin-
ation of all mitotic activity. If the cell was in telophase when the chem-
ical was applied, the nucleus underwent degeneration. The coalescing

of cells appeared to give rise to multinucleation.



Figure 3. Structural Formula of 17/ methylestra-1, 3, 5(10)-
triene-3, 17?)di01, Chemical #837

Chemical #788 (DMBA)

9, 10 dimethyl 1, 2, benzanthracene (DMBA) has 1ong been I;nown
as a potent carcinogen (i?:adger, 1940; Bachmann,‘ 1938; Bré,ndbury,
1941; Léw, 1940). Haddow (1939) reported DMBA to have an'inhibitory
action on the érowth of 'sPoﬁ.taneous cancers. In his studies bon the in-
fluenc}e of polyeyclic hydrocarbons oﬁ growth rates of priméry sar-
comas, he found .all induced sarcomas to be more rvesis‘tant to the
gi‘owfh inhibitory ‘actiQn of car cinogeniq hydrocarbons than were the
t:r:;,nsplantedband spc;nﬁaneous sarcomas (Haddow, 1938).

More recently, Starikova and Vasiliev (1962) founAd normal prim-
ary cultures from rats to be strongly inhibited by very '1§w concentra-
tions (Z'. 5X 10-6 mg/ml) of DMBA. Such concentrations reduced the
mitotic activity by three %o five tim'eg. Higher concentfatioﬁs of DMBA

(2.5 X 10'3) diminished the mitotic rate to zero. This de»c'rease was
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clearly demonstrated not to be due to an alteration of the mitotic time.
DMBA-induced rat sarcoma cell cultures treated with DMBA
were only slightly inhibited. . Cell cultures of sarcomas induced by
othér methods were also resistant to DMBA. Even Sarcoma 45, a
transplantable rat sarcoma induced by DMBA over a decad_e‘ago, was
still insensitive to inhibition by DMBA. |
Vasiliev and Staril%&)a demonstrated DMBA -induced saif‘_comas

were, however, sensitive to the mitotic inhibitory effects of 't‘the cancer
chemotherapeutic sarcolw;rsin. However, sarcolysin had no effect on
normal fibroblasts. T-hese. findings have been subs‘tantiatedj by other
laboratories (Berwald and Sachs, 1963; Alfred, 1§64). ' |

| Diamond et al; ;(196;7) studied the-mechanism of cytotoxicity é,nd
‘the pd_ssible r‘elation‘ship.s' which may exist between cytotoxicity and
carcinogenicity. By fﬁéans of randomly labeled DMBA—3H and fluor-
escence microscopy, bin‘ding of DMBA to sen.s‘itiveland resistant cells
was compar‘ed.. Autoradiography aﬁd fluorescence microscopy revealed
'DMBA to be co»ncen,ti'ated ih the cytoplasm of both resistant and sensi-
tive cells as well e;s in their nuclei; differences, however, .were found
in the comparisoh of amounts of the hydrocalrb'on that remained after
fixation in lipid séivents. Sensitive cells r‘etained-signifiqaﬁt_quanti—
ties of the labeled material; resistant cells did not. Bound hYdrqcar-
bon was found in both the cytop.lasrm and the nucleus of sensitive cells,

Radioactivity assaysb of cellular DNA and RNA demonstrated the normal
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cells bound 10 to 50 times as much DMBA-H as did the malignant
cells,

Tests performed by Jones-et al. on DMBA by aading the chemical
to the waterﬁsurrounding developing‘Zebra fish embryos in varYing
concentrations, revealed QMBA at concentrations of 0.56 ppm to |
cause tail necrosis, tumor-like growths, an enlar-ged pericardium
and a shortened body. Cellé and their nuclei on the surfaces of the
test embryos were enlarged and had_a granular appearance. Some
parts of the developing embryos' bodies seeméd to be growin‘g at a
more rapid rate than other parts. "fhese abnormalities were appar-
ent within 24 hours exposure time as compared with 48 hours for the
appearance .of effects produced by #742. At 96 hours' exposure time .
to 0.56 ppm DMBA,  effects produced ‘were' quite similar to those of
#742. At 5,0 ppm DMBA stopped embryonic development completely,
and after exposure fér 24 hours all of the test embryos were killed.
At a concentration of 3.2 ppm DMBA, two embi'yos out of ten devel-

oped no posterior parts, (Jones, unpublished data).

CH

o

Figure 4, Structural Formula of 9, 10 Dimethyl 1, 2,
Benzanthracene, DMBA #788



CHAPTER IiI
MATERIALS AND METHODS

Cell Cultures

" Two morphologi.cally different fish cell lines were used, rainbow
trout gonad (RTQ—‘Z), a fibroblastic iine, and fathead minnow (FHM),
an épithelial Mne./ | |

,,LinevR'_I‘G-Z; ‘the first permanent fish cell line, was established
by Wo’lvf‘ and Quim;by, (196(?)"from rainbow‘txjouf gonadal 'cellé (Salmo
g.airdneri) obtained;];_)y' pfi‘m_ai'y ;:'ﬁltivation of pooled gonads of male
and female yearling fi'sh.. '(.)fig.ina;,l cultures wére established by cold
trypsinization aﬁa:maintained in abcord,se‘rum medium at 19°C. These
original cultuz"es‘ confained both'epitheloid and fibroblast-like cells,

| The 1iné wés éubcgltured in é ’vairiiety of media, supplemented
with feté.l calf seru'm,‘ ‘which were ciesi'gnea for homeothermic animal
f:ells; -»_Antibibti'cs‘hav‘e been used i'n‘-as high‘ a concentration as 400'
 units of penicillin-stre.ptor'ﬁycin' per nﬁi-lliliter, and _cultureé were rou-
tinely grown in antibiotic free media. Incubation temperature was
found to be of critical importance in the maintainence of fish cell cul-

tures. RTG-2 cells have been grown at temperatures ranging from

4°C to 26°C, with the latter being the upper limit of heat tolerance.

(Wolf, 1962).

12
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Several methods 6f subculturing have been used, as the ''policing"
method, ten minute cold—'.d,.igestion with 0. 25% trypsiﬁ and ten minute
- cold-dispersion with’s-cdium..versen'a.te. (ZAO mg/100 milli;l:ite'rS). .Of‘.the
thféé methods, tén'minute cold dispersion with sodium: ve;rs'eriaite has

N . : .. ‘

been most satisfa.cto.i'y since the membranes of RTG-2 cells seem to
‘be highly susceptible to digestion by trypsin. Recently, a mixture of -
trypsin-versene has been found to be an excellent dispersia_l method,
and is satisfactory for.. rendering single cell suspensions lfor cell counf-
ing using the Coulter counter (Wolf, personal communication).

The in vitro modal chromsome number of line RTG-2 was,.f_ound

to ‘b‘e 59 with a range from 49 to 71. The diploid number for Salmo
‘ gairdneri*is' 60 (Wolf, 1962). The line is Highiy susceptible to the virus
of infectious pan.creati‘c necrosis of trout, i

Line FHM was established by Gravell and Malsberger (1965)

: froxh the fathead. rhinnow (P‘imephales prorrie].as).' In this casé the
t;issue pc)sterior' to the ahus_ was excised and cells dispersed with
trypsin (0. 25%) for fc;ur hours at 4°C, The primary cells were des-
cribed as being epitheiiél cells. These cultures ‘h.avc.a been ma;intained '
in both Eagle's basal and minimal essential media suppleme#ted with
fetal calf serum. .Maxirﬁum rate of growth was found to occur at 34°C_,
| aﬁd minirnél growth at 4°C; The diploid chromosome nu.mbe'r‘ obtained

 from in vitro cells was found to be 50%2; however the in vivo chromo-

some number has not been reported for the northern fathead minnow

{(Gravell, 1965). Determinations of chromosome numbers some time
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after the line was esvtabli‘shed iﬁdicate the number is constant. The
1ineiwi}.1 support growth of a number of viruées i.e. infeétious pancre-
atic necrosis Vii'us of trout, lip tumor virus of the brown bulll;xead, 'and
also the mammalian ECHO-11 virus. The FHM 1ine is a hardy, easily-
maintained and rapidly growing cell line.

Cell lines FHM and RTG-Z {averevobtained fr'om'Dr. Ken Wolf at
the Eastern Fish"lv)i’éieas'e Laboratory,b Leetown, West ‘V'irginia and
brought to this laboratory in June, 1964. The cell lines have been
maintained in serialiv,cﬁltivafion since that dé.t.:a. All cultures have been
grown in minimal essez;tial media ﬁontaining 10% fetal calf s*er.um, 1%

' L-glutamihe (stock concentration 200mM /ml) and 200 ﬁnits <‘>fvlpenicillin-
: streptol;ny'cin-pe.r milliliter. All tissue cﬁlture media, réagents, anti-
biotics and sera vn}ere oﬁtainzed from Microbioiogi_éal As so.cia..t.es,
Bethc‘a‘»s.da, Marylénd. Th.e,‘pH was maintained at 7.0 to 7.‘3 by gassing
the cultures with 5‘70 carbon_ dioxide in air.

The cultures havé beeh incubafed at 21°C 1+ 1°C, and r\eéé;'ve
cultures at 4° - 6°C, Initially, Cultﬁres were 'grown‘in pyréx tissue
cu_lture tubes (Curtin) cOntéining 1.5 ml media and placed in the incuba-
“tor on 5° apgle racks. Wﬁen lafger n'umbers.of cells were needed, 8
ounce ''milk dilution' bottles with autoclgvable caps'(Cﬁi'tin) were used
with ten ml va media, Thé larger containers were preferable since they
greatly reduced the améunt of time required to cultiva',te.vvlargé quanti"—

ties of cells.
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Subcultﬁres were made when the monolayer was estimated to be
approximately 80% confluent. It was found that the cultufes would grow
more rapidly and maintain a healthy appearahce if they were subcultured
while in an active growth phase. Al‘l operations wit‘h‘open cultures were
carried out in a 22" X 32" hood with a plexiglass cover, and equipped '
with a vent and touchomatic burner. The interior of the hood was
washed weekly with a 5% chlorox solution, thoroughly r;.n's'ed with water,
and air dried. The interior of the hood was wiped down beforé each use
with 70% isopropyl alcohol.

RTG-2 cell cuitures were found to ,Be extvremely sensitive to ex-
posure to temperatures over 25°C even for very short perkiods of time.
Forvthi's reason, flaming of bottle necks, pipette tips, etc., was
abandonned. . Contamination was kept to a minimum by 'thoro'ughly_.
washing the hands with éO% ethanol, | of by‘u.sing sterile rubber gloves.

Subculturing -Was done vby é ten minute cold disPefsion with ver-
sene followed by ”n’e'utra‘liza,tion” with the old me‘dium. ~Versene was
prepared as follows: 8.0g NaCl, 0.2 g KH,POy, 0.2 g KCl, 1.15 g
NaHZHPO4,- 0.2 g ethylehediaminetetraacetic acid; the ingre-dients were
dissolved in 100 lmilliliters distilled deionized wéter, then ‘ﬁlter steril -
ized, The pH was adjusted to 7. 3. |

After the monolayer had been dispersed with versene and
"neutralized'", the media and cells were pipetted into centrifuge tubes

and centrifuged at 1000 rpm for ten minutes at 4°C. Old media and
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versene were then d__e.canted and the pellét resuspended in fresh med-
ium, Aliquots of the suspended cells were then distributed to sterile |
culture bottles.

The FHM line was easily dispe.'rsed with versene, | buf the RTG-2
line had a ter_ldency.to fofm clﬁmps. Even with vigorous pipetting with
niﬁe inch Pasteur pipé'@t.e.s ,‘ 1t was difﬁculf to disperse the célls a‘de‘-
quately. In bs.ome _instances élumps Wex.'e_'simpl_y removed from thé |
cultures and discarded father than atteméting‘to break them up;

Water uéed in the'I.)x;eparal,t_idn of basic: éélt solutions; rinsing
glassware, .et.c‘:v‘.._, was. obtajned from a _B‘_arnstead water still (catalog
number SMH—5), .van“d run»thrc.).ugh a BarhStead Bantum deionizer
(bBa_vrfnsHt}ead Sti'll‘. aﬁd Sterilizef Company, B.oston., Massachﬁsetts).
Wavtér v?xas colle:é‘teé in téﬁf'galidn pbisréthyléné jugs.

~ Tissue culture ‘gl..'a‘_ss.'w_are' 'a.:.ad'u..fensils were washéd a.,ccordAin.g to
thefme;thvo_‘dsf.b'f‘-WoIf :;.nd Qulmby (pé?SOnal'corﬁmuh-ication) in order to
mair}ﬁ:ain‘ the ’c’ells uricie-r idént‘ic'al vlab'oﬂratory pro.c,ed‘u.res.- A11 glass-
wa're,.v rubber sto'pf)e_r~s,.‘ etc. , were -égaked in a- Calgoﬁ-Me_.ta‘sili?:ate
"solution' .(fiC'&Mb”_) p%ep_are_d..in. the folllowing mahnér: .26; 5 gof Calgon
(Calgohvwva;vtjie'rb-_Ci.c‘)ﬁdi.tiOnix.lg”Co_rnpa'.ifly, Pittsburgh, Penns;rlvania) and
238.0 gl o% ‘éo.diﬁm metasilicé,fe_ (Fisher Scientific COmpa‘ny)bwere dis-
solved in 2, 50_-b milliliters of deiénizéd Wa.fer and diluted l-:.100 before

use,
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i‘ Glaé-svwa{re wa's,wa‘LShevd ﬁWicé under Wafm tap water with a brush,
1pl§ééd .i‘n' fresh”C&M” "sloili‘tiionb and boiled for Zoi'i?n'in'utés. v. "I‘h.i,s \‘;vavs
. ‘folilc;‘\':ve“ci by a thorough .‘i'insin:g'iri wa;rm tap water. ‘, Eaéhpiece was in-
spe“c‘te»d for cléa?iliness’beforé' three final rin‘seé 1n disfill.’ed, »deionierd
ﬂwater..Q Eduipme'nt .wa:é air driec.i-v,‘

Pipetties were plaéed in";.!c&'l\/i” solution immediatély aftei' use,

: soakedv Q’verﬁight, : a‘hvd’-thvo_rouvghly ‘\%z'ashed in hot tar:» water in a>.Na1gene
automaﬁc *wz‘i‘shei"‘”(Né,lg‘.éCompéﬁy, Rochester,. New York). - Pipettes
K}vere boiléd fof Zd minutes in"ﬁv".e’sh "C&M!' solution, rinsed in hot tap
vs‘/a:tér‘,v-th'en rinsed thv:reev ~timés 1n distilled deionized Wa,ter.

Wﬂen necve”z"ss'a;ry, bpipettevs"were soaked in dilute nitric acid solution
before waéhihg, and .wer‘é always thorogghly'rinséd before going through
the washing procedux;e.. Pipeftes wéfe cotﬁon—_piugge{d aﬂd piaced »in |
' pipétte cans before vsterilizing.:' ‘Alll glassware‘é,nd utensilé Qére éter-
ilized ina vCastle .autoclave‘ v(mo*del' 99.-C, Wilmont Casfle Cofnpany, .

o Rocl;ies~ter? Néw York) for at least fifteén mi‘_n‘u_tes at 1‘,6' pounds pres-
sure pér sqﬁare» inch aﬁ 2.7'00 F. Liquid ma.ter’ia'.lvsl whi.'chéoul‘d not be
heat-sterilized were fﬂter-;ster:m_zed‘i with a Millipore filtering appar-
: ‘a‘tuvs-j_(catalog' nundbé:_r XX10 047 00) ‘uSing’:a fii:;al fiiter of 0.45 ypore

size. " | | o

Expe-rirhentél cultures were sé‘t up using the same subcuituring
techniques as w’ef,e used for thé stockgcu'ltu:t"es.’_ All cells were grown

directly on coverslips in-Leighton tubﬁes__(.Microbiologicé.l Associates).
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A large number of control cultures were grown before any experimenta-
tion was carried out in order 'to determine if standardized procedures,
such as uniform mec’iia,_ 72 hours incubation time, PH, e_tc.k_, would
provide cultures having a rather uniform mitotic rate. ‘A_fter: it was
determined that the mitotic rate varied only 1. 1%, experimentation wa.s
'begun.

1, 3,‘5, (10}, 16-estratetraen-v3-ol (#742), 17 methyl 1, 3,5, (10),
triene 3,17 B diol (#837),vand 9,10, d-imethyl 1,2, benzanthracene
(#788 or DMBA)‘were obtained in crystalline form from Dr, Max N.
Huffman, Lasdon Fount‘ia‘.tion, Colorado Springs, Colorado (present
| address: Departm‘ent of Biochemistry, Creighton University School of
Medicine, Omabha, Nebreska). The experimental hydrocvarbons were
dissolved in filter-sterilized propylene glycol in concentrations ranging
from 0.5 mg to 25, O.mg'per'millliliter.

The solutions were thoroughly: mixed using a magnetic mixer and
stirring bar. D'MBA was difficult to dissolve and required long periods
of mixing in order to dissolve it at a concentration of 20 mg per milli-
‘liter. It was necessary to prepare the hydrocarbons in hiéh concentra-
tions so as to keep the level of propylene glycol’és‘low as pos‘sible in
the experimental cultur.es. Appropriate amounts of thevdissolved hydro-
carbons iavere then dispensed into culture media with a It__ublercuiin syr-
inge and thoroughly mixed.. At ieast ten identical replicet‘e cultures

were set up for each test concentration of hydrocarbon.
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Coverslips with adherent cells were - removed wifh forceps from
both control and experimental cultures aftef 72 hours incubation at 21°C
and placed in phosphatevbuffered saline for 20 minutes.‘ , The& were then
placed in Bouin‘.s fixative for two minutes, followed by two c;,hanges of
80% ethanol (until yellow color disappeared), followed b&_tﬁzo rinses of
distilled deioﬁized water. . Cells were stained in Erhlich's herﬁatoxylin
{30 drops in 10 milliliters of water) for 15 minutes, vthebn cognterstained
in 1% eosin for 1 minute.,‘ Coyerslips were then rinsed in two changes
of 95% ethanol and two char_lges of 100% éthanol. 'Cells were cleared in
xylene and mounted over picolyte;

The mitotic indices w.ere determined using the method of Paul |
(1960). | Random counts of at least 1000 cells were made frqm the cover-
slip gfowth“in each tes't' culture using oil immersion. The rﬁitotic index
was calcuiated by dividing the total number of cells in mitosis by the
total ﬁumber of cells in mitosis by th¢ total nurﬁber of cells counted.
This méthod afforded a total count of over lOv, 000 vcells for ¢ach test
concentration, and an év’erall mitotic index ba-éed on over 10, 000 cells.
Only cells in vaious stages of mitoses were counted. Fish cells, in
comparison with mammalian L-fibroblasts, were more easily classi-
fieci i.n. the stages of prophé.se, and the instances of bizarre divisions
were considerably lower.

The mitotic indicés given here are-lower than ones which would

include the initial stages of prophase. The cells in initial prophase are
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difficult to recognize with accuracy, especially from in vitrocells,

and were therefore not counted. Counts were made using a dual key
laboratory counter (Clay—Adarn.sﬂ, Inc.), and all cytological examina-
tions were mac‘ie. using a Bausch‘and Lomb binocular microscope.

~ Percentages o.f multinucleate cells were determined using similar
procedﬁres. All cells having two or more v.nuclei were classified as
being multinucleate. | This deterfnina-tion required a great. aeal of time
in order to eliminafe~telopha§e cells and cells with lobula;ted nuclei,
Oﬁly cells ha\'/ing‘obvious multiple interphase .nucl_ei, and entirély
separate nuclei wére-counted aé multinucleate céils. All counts were
 made under oil immersion.

Each ti‘eatfnent group ﬁas compared with Ithe control group and
every other treatment group of the samé hydrocarbon by calculating
the least significant difference o‘r"lsd according.t.o tiie method of Steel
{1960). In each significant ca.se", a significant F wa.é calculated at the
. 05 level for each treatment group. . In addition,: Dunc'an"s new multiple -
range test was“ computed. . Correlation coefficients were calculated to

‘_ test the.povs‘sibility of correlation between rates of cell division and

multinucleation.



CHAPTER IV
. RESULTS

1/

_ Mito't‘icl.lndifces iy

#ra/EEM
Based ion tﬁe totl:al.lceil co'u‘_n‘ts.fr.q‘m ‘vall the cqltﬁr_ég in the control
| g_roup, FHM cultures 'hbakd‘ a mean mitotic index qf 3. 04%,(2. 7‘%—-3..4%).'. A
: Ceil’ growth appéé.re,d asa Weil érgahized epithelial 'svheet.’ It was dif-
fi'culvt'fo_dv‘etect c‘e_ll membraneé inlé,z.'ea.s 6f conti‘gucit»ls'.fgrowtl»l.v No
| cell clzlumpsvv:;érﬁe preseht in .any‘of_thtbe control cultureé.
FH}M cultures treated vrith Ol ppm #742 .had an avera‘ge mitotic
- index of 2.50% (l.'3,2%-3.8%), a .reduction over the controls,  This
slight inhibition was n§t s‘:ignifica.ntl: at the . 05 level, _howe\}er it,was:
significanf at the .10 lehv‘*el. 'Nu'clei‘ of the treated cultﬁre_s had much
larger clumps of chfofnatinin' comparison -wi.th the controls. There -
' \x}ere no o‘bviobusmorphological ‘chang‘es at“-{thi's conc"e,ntrati‘on. |
_ Cell division in .FHM cultures t.r'eat.ed With 0.5 ppm #742 also wasv

slightl'yv inhlibite‘dwith'an avex{age mitotic-«‘index of 2. 3%‘ (2. 1%-~2. 5%).
The inhibition was statistically significantat the .10 levelbut not at the
.05 lé;\rel. : C;ellulari morphology wa s unchangéd fro;:n the 0.1 ppm #742

treated cultures. No statistically significant different could be shown

i

See Tables I, IV, V, VI, VII, VI and IX.
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between the mitotic indices of the 0. 1 and 0, 5 ppm #742 treatment
groups. |

At 1.0 ppr'n. #742; there was evidence of definite morphological
effecté, FHM c'ells_’grown at this concentratio.ﬁ appea;ed more stellate
and somewhat le'ss‘epithelio'id. The avérage mitotic index. was v5. 2%
(4.5%-6.2%), a statistically signilfiéaht'increaée at the , 05 (but not ait
the .01) level over the controls.. o

Marked 'cytologica;_l.changes were observed in FHM cultures treated
§vith 5.0 ppm #742. '.Many cells_Qere large and lightly stained with num-
erous vacuoles iﬁ the cytoplasm_. Evidence of cytolysis was noted.
Spaces were located between the cells an(i c.ell‘s‘ were not organized into
a fully formed epithelial sheet. The average mitptic rate wéé» 2. 3%
(1. 09%—3.._ 16%). -Rates of cell division seexﬁed.tp vary a great deal
from one area of cell growth to another. This marked vafié.tion was
not observed in the control culturés or in the c‘ult_u_res at lower concen-
trations. The averagé mitol;ic fate of the tréé,ted cultures was statis- '
tically lower than the. contréls“at the .01 l\evel. |

At 10,0 ppm #742, the morphology éf the treated cells wa‘s‘~'decid-
ed,’ly more fibr_obla.st-'like and ﬁoi‘mal ééll division did ﬁot occur. No
cells were observed ‘in. typical metaphase. Many hype'rchromati.c nuclei
was calculated to be 6. 2%. ‘l\l/Iany éells C‘bntair;ed, a ‘nor'r‘nal appearing
nucleus and a hyperch‘romatic mass in the Cytoplasm. In sdme instances

it appeared as if the mass were béing extruded. Many cells were lysed.



Table I

SUMMARY OF EFFECTS OF # 742

Concentrations, ppm - Control 0.1 0.5 5.0 10.0
, Cell line FHM ‘
Mitotic Indices % : 3.04 2.50 2.3 5.2 2.3 : T
Range (2.7-3.4) (1.32-3.8) - (2.1-2.5) (4.5-6.2) (1.09-3.16) -
Significance level ' . 10 . 10 .05 .01°7
Multinucleation % 0.52 0.63 0. 70 6.16 5,43 6.23
Range (0.28-1.0)- - (0.30-1.2) (0.35-1.7) (5.1-7.1) (4.8-6.4) (5.9-7.6)
Significance level - NS NS . 001 .001 . 001
Cell line RTG-2
Mitotic Indices % 3.3 3.1 3.0 2.09 2.52 4,11
Range (2.9-4.5) (2.8-4.4) (2.5-4.5) (1.77-2.67) (1.35-2,44) ° (3.52-4.94)
Significance level NS - NS . 001 . 001 . 001
Multinucleation % 1.61 1.52 1.73 1.92 2.52 1.58
Range (1.1-1.9) (1.2-1.8) (1.4-1.9) (1.3-2.3) (1.35-2,74) (1.2-2.3)
NS NS NS .05 NS

Significance level

NS = Not significant'compared with control; T = toxi'c,, accurate determination not possible;
* = compared with 1.0 ppm. ' ’

%4
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FHM cultures treated with 15. 0 and 20. O'ppm #742 had only a few
ne.crotic cells present.

" #742/RTG-2

The average mitotic index of the RTG-Z control 'cultures‘ was found
to be 3. 30% (2.9%-4.5%).  The cells were'well-forn‘u.ed and vtvy-pically
fibroblastic: At cqncentratioﬁs of 0.1 and 0.5 ppnﬁ #742, only a slight
decrease in the rate of cell division was obsérved in the RTG-—Z tre.ated
Culi‘:ures,. HoWever at 1.0 'ppfn #742,‘ an average mitotic rate of 2. 09%
(1.77%-2.67%) was determined. . This waé féund to Be a statistic;ally
significant de‘creas_e at the . 001 '1eve1.- There were no obsefvable effécts
on cellular morphoiogy.

5.0 ppm #742 inhibited.the rabte of celln divisibn of RTG-2 cultures
to an aver‘age of 2.'152% (1.35%-2. 44%) statistically significé.nt at .0l
level. Slight morphological changes to a ‘sémewhat more rounded un-
d.ifferéntiafe@ cell shape were observed. Ther‘e were a fev) hyperchro-
matic nuclei present.‘ Many norrﬁal appeéring metaphase stages were
seen, The cell shee-t was le.ss den-se‘fhan in the control cultures.

At 10.0 ppm #742, the RTG-2 treated cultures hé.d an average mi- »
totic rate of 4, 11% (3.52%-4.94%), an increase statistically significant
at .001 level, All stages of mitosis were observed, however some of
the chromosomes appeared dense and thiékened. Prophase nuclei con-
tained prominent, well-spaced chromatin networks. A few hyperchom-

atic nuclel were seen.
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# 837/FHM
The m1tot1c 1nd1ces of FHM cultures treated with 0. l and 0. 5 ppm
: #33‘7 d1d- not.dlffer stat1stlcally from the control cultures; however cul-
;tur'es treatéd with 1,0 ppm‘#8‘37 had an avel'age mitoti'é index of 1, 68%
v(l. 1%‘-2_.'4%') as compared with 3. 04% 1n the clontrol group. This reduc-
.ti.o’n was statistipally'- significant -a_t” the , 001 le'vel.'-. Céll,s di.d not appéar
aphormal in this tre'atment gr.oup.. |
At 5.0 pprm #837 strongly inhibited cell division in the FHM cul-
tures, the average rate of qell divti._sion wés 0. 65% (0. 3%->l. 0%). This’
was a statistipally sigp_ifica:_at deprease- at the . O(ll level from l..O ppm
cultures. Th_é céllular membrane's ‘at this cdncentfatlon were indis-'
.tinct and the célls appeared to be‘cbalescing:. Nuclei were very lightly
stalned Kéryorrhexls was observed
The. 10 0 pPPmM #837 completely 1nh1b1ted FHM mitosis. The nu-
clei were very.1nd1st:mc.t. Fewer necrotic cells were noted in this
treatment group in contr.ast to the number pro.d_ucéd by 'th.e‘ same con- -
centration of #742, Many of the nuclei in the 10,0 ppm #837 tréattnent
group were 1obu1ated The cellular arrangement was ''tile~ llke" in
that even spaces were present between the cells, This probably in-
‘dicated the 1ack of cellular division or rﬁovement since attachment to
the gl_ass. .
. FHM cultures'treated with 20. 0 and 40. 0 ppm #837 also had little

evidence of mitotic activity. Nuclei of the cells were very pale and

- hardly distinguishable from the cytoplasm except for the peripheral

chromatin located adjacent to the nuclear envelope.



Table II
' SUMMARY OF EFFECTS OF # 837
5.0

0.1 0.3

Concentrations ppm Control 0.5 1.0 10,0
: : - Cell line FHM : o
Mitotic Indices % 3.04 3.05 . ' 2.87 1.68 0. 65 0
Range (2.7-3.4) (2.8-3.7) (2.1-3.3) (1.1-2.4)  (0.3-1.0)
Significance level - NS _ NS .001 .001
Multinucleation % 0.52 0.69 0.76  5.12  8.69 11.66
Range (0.28-1.0) (0.32-1.1) (0.29-1,4) (3.96-6.87) (7.0-10.7) (7.7-18.7)
Significance level : NS ' NS .001 . 001 .001
Cell line RTG-2
Mitotic Indices % 3.3 3.10  '11.29 - 12.36 T
Range | (2.9-4.5) (2.6-3.68) (8.41-14.49)(10.56-14.59)
 Significance level .05 . 001 . 001
Multinucleation % 1.61 3.21 2.15 25.69 . T
Range (1.1-1.9) (2.7-3.7) (1.6-2.7) (19.6-3L7)
Significance level .001 .001 .001

NS =

Not significant compared with control,

T = Toxic, accurate determination not possible.

92,



Some cellss were-p‘r‘.esent in cultures treated with 60.0 and 80.0
ppm #837, vhowevel.' they Were'.extremely.palvé and necrotic. No cells
-were f_resent in cultures treated with 100.0 ppm #837.

B #837/RTG-2

RTG-2 cultur_es treateci with #837 exhibited effects at much lower
concent‘rationvs than d1d FHM ce_llé. At 0.1 ppm #837, RTG-2 cells |
had ah average mitotic rate of 3..11.0%. (Z._60%-v3.'68%.), only slightly
lower fha,n fhe control iﬁdex qf 3. 3‘%.:. This decrease was fo.und‘stat.is_
tically significé.m at the .05 level, but not at the . 01 level when com-
pared with.the lcontrc}ls;.

' The 0.3 pprri.#837 treated RTG-Z cultt.J.r.esv had an average ﬁito.tic
index of 11,29% (8. 41%'_14‘.,49%)’ a 'conside'rablé i.ncr'ea,-_se‘ over .the
c‘ontmvfol cultures (3. 3%) a‘;nd st;atisti_cally significant at the . 001 level.
’i‘he 0.5 épm #837 cultures had an average mitotic index of 12. 36%

»(10. 56%-14.59%). This inére'é.se.was not .sta.tist_ically significant over
the 0.3 ppm #837 treatment group, ‘But was st;.,tistically significant
v‘over the control gfoﬁp at fhe . OOklvl'eve.l.. Cells in these two treatment
groups contained we'll.;-s_ta‘.ined nuclei, in édmﬁarison with‘ the FHM
treated cells; vthe 'cellullar- _i’ndrphology was a'napla‘.:s_t‘ic and'la‘rg_e num-
_b,er‘s"of gviant c‘ells'were seen. . |

At 1.0 ppm #83 7, only half of the cultures contained any cell grthh' '
These cells had srr;aller nuclei and r‘educt‘idn in the amount of cy:to‘p]._ajsfn.‘
No metaphase spindleé were observed. ‘Some cells appeared to have :

lost their nuclear envelope: and chromatin was clumped into discrete
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masses giving the appeé,f'anc_e of a ﬁor;hoblast cell .befpre nuclear ex-
trusion. No giant éellé were seen, Crily three RTG:-Z cultures out_of _
ten in the '5. 0 ppm,#83_? treatmenﬁ g‘ro‘up contained any cells. These
cellé exhibited the Samé. but exaggerated cytological appearance as

the 1.0 ppm #837 cultures. _Thé percentage of ''normoblast-like" cells
was considerably higher, | app;oxi;nately 44, 0%. Evidepce of karyorr-‘ :
-hexis was observed. Né mef.:'ai)hase spindles were seen. |

._ At' 10, 0 and 20,0 ppm #‘837, the same c‘:onditib:_ns v&ere noted, buj:
even fewer ceils were present. Th_ese éélls were much larger, and
no’_longer recognizable as fibro‘blasts. 'T'he-4.0; 0 p;prh~#'837"w_as lefhal
to RTG-2 cells. | | |
DMBA /FHM
FHM cultures treated with 0 1 a}nt.i 0.5 ppm DMBA did not have

vnditotic indices svtatistically different from the controls. At 1,0 ppm
| DMBA, FHM ti‘eafed cultures had an average mitotic index of 2. 32%
(1.2%-3.34%). This was siightly'flo'wer, but ﬁot a statistically signifi-
C‘B;I‘l‘t ‘reductié‘n as compared with cdni:‘rolls. Mild cytotbxicity W_as noted,
- At 5,0 ppm ahd 10. 0 ppm DMBA, mitosis in the FHIM cultures was
| stbp_ped._ Many cells in thes.'e cultures were éxt;erﬁely‘ abnormal with

a reduction iﬁ cytoplasm, clumped chrbmatin and bas‘ophilic cytoplaam.
Thevchromati‘nbften formed one or more large clumps in the nucleus, |
andthe ;emaindér became evenly disv‘il:rib"uted onthe inner surfa‘ée of the
nuclear membrane. Many hy’pérchrdnﬁatic cells had multiple cytoplas-

“mic constrictions giving the impression that cytokinesiswas occurring



Table III

SUMMARY OF DMBA EFFECTS

Concentration ppm - Control | 0.1 0.5 _ Vl. o | 5.0 10.0 : 2.0. 0

Cell line FHM | |
Mitotic Indices % . = 3.04 . 3.2 - 2,91 2.32 0 0 0

Range - (2.7-3.4) (2.6-3.5) (2.3-3.5) (1.2-3.34)
Significance level : NS NS NS

Multinucleation % 0.52 0.92 5.53 °  6.69 6.1 1.56 1.23
Range  (0.28-1.0) (0.4-1.3) (4.20-7.12)(5.30-8.58)(5.0-8.7) © {1.0-1.57)
Significance level . NS : ~.001 . 001 - . 001 . 001 . .001

Cell line RTG-2

Mitotic Indices % 3.3 2.9 '0.96 0.4 0o 0 ' 0
Range ' (2.9-4.5) (2.5-3.2) (0.49-1.69)(0.19-1.19) ‘
Significance level - e NS . 001 .001
Multinucleation % 1.61 S1.57 - 1,15 -~ 3.3 T
Range (1.1-1.9) (1.0-2.0) (0.5-1.9) (2.2-4.2) .
Significance level - NS - .01 .001

NS = Not significant compared with control.
T = Toxic, accurate determination not possible,

62
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Wlthout karvoklnes1s;
The percentage of hyperchromatlc FHM cells was calculated to be
l .‘v-_,>67 9% at 10 0 ppm DMBA Cytoplasm1c vaculat1on was observed to ‘-
» "some extent 1n nearly all of the cells.= L
Identlcal cytotox1c effects were noted 1n the 20 Oppm DMBA FHM

"‘f’cultures w1th an increase 1n the percentage ofaffected cells to 91 4%.

,‘Th1s flgures represents a statlstlcally( 01 level) S1gn1f1cant increase

s j.ln number of affected cells over the 10. 0 ppm DMBA treated cultures. ,
At 40, 0 ppm DMBA treated FHM cultures contamed a few very
o

small hyperchromatlc sp1nd1e shaped cells. No cells were present

'1n cultures treated w1th 45 0 ppm DMBA
':'j “'DMBA/.MG:Z S

A sllght but statlst1cally 1ns1gn1f1cant, 1nh1b1tlon was observed in

YI'RTG 2 cultures treated w1th 0 1 ppm DMBA however RTG 2 cultures

' were strongly 1nh1b1ted atO 5ppm DMBA,_ T-he average mltotlc 1ndex

~at this concentratlon was O 96%(0 49% 1 69%)as compared w1th 3. 3%
~in the controls Thls reductlon was statlstlcally s1gn1f1cant at the 001
‘level. Cells appeared normal w1th no ev:Ldence of cytotox1c effects

The 1.0 ppm DMBA cultures had an average m1tot1c rate of only

0. 4%(0 19% 1 19%) whlch was a stlstlstlcally S1gn1f1cantreductlonover

‘the 0. 5 ppm;_treated cultures No cytotox1c effects were observed
. At concentrations of 5.0, 10 0 and 20 0 ppm DMBA no. m1totlc
 activity was obse.rved in‘l_'a’n-y‘-_of the_tr_eatedecultures.. _"Cells were hyper-

chromatic with vaculated cytoplasm, “and highly necrotic. No cells
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were present in cultures treated with 40. 0 ppm DMBA. o

Multi‘nucleatioﬁz/ _

4742 /FHM

Control FHM cultures has an average percentage of multin_aclea-
_ tion of ‘0..'52% {0. 25%—1. 0%). : FHM cultures’ tr"eatea with .O. 1 ppm and
0.5 ppm #742 had percentages of multmucleanon wh1ch deviated only

- slightly from the,'control_s. FHM cultures treated w1th 1. 0 ppm #742
- had ah.avefage:percentage of mu1t1nucleatlon of 6. 16% (5. 1%—7.‘1%),
~a stati'sticaliy sigxi‘iﬁcant increase at the . 001 .1evei.

'Pe'r_cerita‘ge of .mul-tinuele_ationx in the 5, Oppm_ #742 cultures was
5. 43%. '(4“,8%-6'4%)’ a reduetien_‘ ‘of.KOV. 73%.' from the 1.0 ppm #742 cul-
~ tures. The 10‘.(‘) ppm'#.742 Ei—IM- 'c_u'l-t.u.res‘had an average of 6.23%
(5.5%-7.2%). No statmstlcally s1gmf1cant dlfferences were found
‘ among the 1.0, 5. O, and 10.0 ppm #742 FHM cultures.

#742/3,’1‘(}‘-2 ‘

Centrol RTG-2 cultui;ee had'an average percentagé'of multinucle-
‘ation of 1.61% (l.1%-1. 9%) RTG-2 cultures treated with .0, 1, 0.5
and 1 0 ppm #742 d:l.d not. differ sta,tlstlcally from the control percent-
| age ofr»multmucl‘eatlon. At 5 0 ppm #742 treated RTG 2 cultures had .
an average percentage of 2. 52% (1 35% 2 74%) This increase was
’statlstxcally s1gn1f1cant at the .05 le‘velb, but‘“%not at the .01 1eve1.‘ At
10,0 ppm #742, RTC‘-Z ,cuiture_s hadv an average multinucl_eatien of

1.58% (1.2%-2. 3%) which was not statistically significant compared

2/ See Tables I, X, XI, XII and XIII.
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with the controlsvv.». ‘
#83 7/ F HM 3/
Staptisticallvy signiﬁca‘nt 'dlfferences v1n_percen'tag_e multinu,cleation

was not found at 0.1 or 0.5 ppm #837 however 1. 0 ppm #837 treated

: FHM cultures had an average percentage of multmucleatlon of 5.12%

e ‘_(3 96% 6 87%) as compared w1th 0. 52% m the controls This increase

| " was found statlstrcally 81gn1f1cant at the . 001 1eve1 At 5 0 ppm #8317, ‘A
. FHM cultures had an average of 8 69% (7 0%-10 70%) multmucleated
| cells. Thls‘percentage was statistlcally srgmflcant as compared with
the control's.- Compared statlstlcally w1th1 0 ppm #837 FHM cultures,.
.5 ‘Oppm‘ #837 51gn1f1cant1y 1ncreased the percentage of multlnucleatlon
~at the 001 level :
, The average percentage of multlnucleatlon was 11 66% (7 70%->
18 70%) in the 10 0 ppm #837 treated FHM cultures.' ThlS rncreased ‘
',percentage wa s s1gn1£rcant at the 05 1eve1 when compared with the 5. O
| 'v:ppm #837_ cultures an_d:a_lgnrflcant: at the . ‘001 level ‘co_r_npa-red ‘w1th |
contro.ls., B | | | :
| At‘ 20.0 ppm FHM cultures had an a;rerage-‘ percentage multinucle- '
' "vv'ation of li 4‘6% (10 ‘50.%—'12 90%) ) T.his‘figure" drd not dlffer ‘s‘tati.‘stic-.
. ally from the 10, 0 ppm #837 treated FHM cultures. The 40.0 ppm

" #837 had an average percentage of multlnucleatlon of 12. 27% (8. 50%-
13, 35%) This was not stat1st1ca11yv drfferent from the 20.0 ppm.#837

FHM culture's’.v

3 - |
3 See Tables II, XIV and XV,
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#837/RTG-22/

As was ob;servedjﬁvith'the mitotic:findice_s, muilltli'nucleation effects |
produced by #837 were noted at much. 1o§ver concentrations with the
RTG-2 cell line than with the FHM, 'At 0.1 ppm #837 'RTG-2 cultures
had an average percentage multlnucleatlon of 3. 21%(2 70% 3.70%) as
,‘ compared w1th l 61% (l 10% l 90%) in the controls. ThlS was a Slg-
K mflcant 1ncrease ( 001) over the controls. At 0.3 ppm #837 RTG 2
: culteres had an average percentage fnultinucleatnon of 2. 15% (1.60%-

2..70%) \x}hich wae als.b_.a s.ignifi'c’:‘anvt increaee ever the 'controls'.‘. As _
-compared with the 0.1 pﬁm culfures, 0. 3 ppm had a significantly
lower per‘ce‘ntag.e; multiriueleation"at the . 001 lev'el;

At 0.5 ppm #83'7 strongly increased the pelfcentage multinuclea; ‘
tion from tl:;at‘ of;the 0.3 ppm #837 ..cultuffe‘s-tevan average of 25.69%

(19. 60%-31. 70%), significant at the . 001 level. “At concentrations of
1, ,O,v‘ 5.0 axid 10.0 ;ppm #8‘3.7, it was impossible to defermiﬁe the per-
.'centages of m.ultiriucleate cev'll_s“d‘ue to cy‘t’oto'xi,c'. effects, but as far as |
c'ouldi be determine,d, the 'pe‘rcentagenwa-s qeite 10‘v§.

DMBA /FHME/

FHM cultures tﬂrea'ted.with 0.1 ppm DMBA did not hbav_ea‘ statistic- E
ally significant inc‘rease in the»percent'age of multinucleate cells., At
0.5 ppm DMBA,, tﬁe averagvebpe"rc‘ehtage fnultinecleation was 5. 5‘3% |
(4.20%-7.12%) and at 1.0 ppm DMBA, the average was 6.69% (5. 30%-

8.50%). These increases were found sfatistically significant at the, 001

4/ See Tables II, XVI, XVII and XVIII. 5/ See Table III.
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level when“compared to the controls At 5.0 ppm DMBA, the percent-
age was 6. 1% (5 0%-8. 7%) wh1ch was not a statlstlcally 51gn1f1cant de- -
crease from the 1.0 ppm cultures. At 10 0 ppm DMBA, the percent—

age decreased to an ave,rage of 1. 56% (l 0% 2, 3%) wh1ch was a s1gn1f—
icant decrease as compared w1th the 1 0 ppm DMBA cultures at the
. OOl 1eve1. _ However, when co'mpared _sta‘.tis_ticallyiwith the control
percentage,. multinucleation in th-e.-l'.O. 0 pp,m DMBA cultu‘res'wa_s' Sig.-
ni‘f.icantly'hig‘her at the 001-1eve1 : o | |

| At 20.0 ppmi DMBA the average percentage multlnucteatlon was

1 23% (1. 0% 1. 57%), a sllght decrease compared w1th the lO 0 ppm-
cultures wh1ch was s1gn1f1cant at the 01 level but not at the . 001 level,

DMBA/RTG 22 6/

No statrstlcally s1gn1f1cant changes were noted in the percentage

= of mu1t1nuc1eate cells in the 0. 1 ppm DMBA treated RTG-2 cultures, ‘

however at 0. 5 ppm DMBA RTG 2 cultures had an average percentage
multinucleation of 1 15%(0 50%—1..-90%)as com‘pared with the ‘average
control percentage of 1.61%. r‘I“hi.'s-:hc'le“_creas_e»was;_s‘ignificant at the .01
,‘level but not at the, 00l level. The 1.0 ‘pp_m DMBA caused an increase
in the per_centage of mu1t1_nuc1eation off:RTG-Z cut‘tures to an average
of 3. 3.0% (2. 2%-4. 2%), ‘a _stattsti.cally'signif:icant.increase over the 0.5
 ppm DMBA cultures at the . 001 level. |

At 5.0 and 10.0 ppm DMBA RTG-2 cells showed marked tox1c
effects and the percentage of multmucleatmn could not be accurately

: _determined.

-—/ See Tables III, X1¥ and XX.



Tableé IV

MITOTIC INDEX CONTROL CULTURES FHM

Culture ‘ . .
Tube No. 1 2 3 4. 5 6 7 8 9 10 TOTALS
Total Cells . 1116 ‘1154 1382 1482 1205 1118 1464 1167 1384 1090 12, 562
Total Mitotic 44 40 39 41 35 32 45 37 39 .30 382
Mitotic Index . 3.90% - 3.4% 2.80% - 2.7% 2.95% 2.87%  3.1%  3.1%  2.8% - 2.7% 3. 04%
Table V
MITOTIC INDEX, 0.1 ppm #742/FHM
Culture o o . :
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS -
Total Cells 1132 1077 1065 1165 1068 1058 1127 1156 .~ 1027 - 1025 10,900
Total Mitotic 15 27 15 - 27 41 37 . 33 31 27 26 279
Mitotic Index  1.32% 2.50% 1.40%  2.3%  3.8%  3.4% 2.9% 2.6%  2.6%  2.5% 2.5%
Table VI
_ MITOTIC INDEX, 0.5 ppm #742/FHM
Culture ) . : .
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1053 1044 1046 1058 1010 1050 1060 1090 1045 1052 10, 508
Total Mitotic 26 25 25 24 22 25 27 28 24 26 252
Mitotic Index  2.4%  2.3% 2.3%  2.2% 2.1%  2.3%  2.5% 2.5%  2.2% _ 2.4% 2.3%



Culture

Table VII

MITOTIC INDICES, 1.0 ppm #742/FHM

Tube No. 1 2 3 . 4. 5 6 7 8 9 10 TOTALS
Total Cells 1152 1233 1325 1667 1130 1166 | 1142 1076 1038 1157 10, 344
Total Mitotic 55 72 77 53 62 73 69 47 50 59 548
Mitotic Indices 4.5% ~ 5.8%  5.8% 4.96% 5.48% 6.26%  6.0% = 4.3%  4.8% 5.0% 5.2%
Table VIII
'MITOTIC INDICES, 5.0 ppm #742/FHM
Culture : ] . - : _
~ Tube No. 1 2 3 4. 5 6 7 8 9 10 TOTALS
_ 'botal_Ceus 1063 1233 1101 1114 ' 1018 1109 1074 1093 1197 1256 11, 258
Total Mitotic 34 .39 31 30 19 31 28 12 22 23 | 2'69_ :
Mitotic Indices 3.1% 3.16%  2.8%  2.6% 1.86% 1.8%  2.6% 1.09% | 1.8% 1.83% . 2.3%
Table IX
_ MITOTIC INDICES, 10.0 ppm’ #;I4Z/FHM
Culture _ ' _ . ' ] _ o
Tube No. 1 2 3 - 4 5 6 7 8 9 10 TOTALS .
Total Cells 1016 1020 1019 1003 1027 1104 1080 1168 1103 923 10,463
Mitotic Cells 78 65 59 52 - 82 62 - 65 | 72 68 55 655
Mitotic Indices 7.6%  6.3% 5.7% 5.1% ~7.9% | 5.6% 6.0% 6.1%  6.1% '5.9%." 6.2% '

9¢



Table X

MITOTIC INDICES, CONTROLS/RTG-2

Culture :

Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS

Total Cells 1000 1001 1056 1014 1002 1010 1014 1010 - 1018 1020 10,139 -

Total Mitotic 38 46 32 35 41 43 36 33 30 32 336

Mitotic Indices 3.8% 4.59% 3.5% - 3.45% - 4.0% 4.25% . 3.55% 3.2% 2.9% 3.1% 3. 3%7 _
Table XI

, MITOTIC INDICES, 1.0 ppm #742/RTG-2
Culture o
Tube No. 1 2 3. 4 5 6 78 9 10 TOTALS
Total Cells 1059 1008 1026 1012 1040 1000 1001 - 1003 1004 1003 10,156
Total Mitotic 25 27 20 18 21 .18 23 - 20 22 20 214
Mitotic Indices 2.36% 2.67% 1.94% 1.77% ~ 2.0% - 1.8% 2.29% 1.99% - 2.1%  2.0% 2.10%

Table XII
. MITOTIC INDICES, 5.0 ppm #742/RTG-2
Culture ] : . . .

- Tube No. 1 2 3 4 5 6 78 9 10 TOTALS
Total Cells 1018 . 1010 1081 - 1040 1072 1031 1000 1055 1013 1033 10, 353
Total Mitotic 27 27 28 27 29 14 26 29 26 28 261
Mitotic Indices 2.65% 2.67% 2.59% 2.59% 2.70% 1.35% 2.60% 2.74% 2.56% 2.71% 2.52%



MITOTIC INDICES, '10.0 ppm #742/RTG-2

Table XIII

Culture .
Tube No. 1 2 3 4- 5 6. 7 8 9 10 TOTALS
Total Cells 1031 - 1043 1055 1061 1015 1061 1207 1023 1025 1030 10, 551
Total Mitotic 51 41 39 42 38 46 51 36 40 50 434
Mitotic Indices 4.94% 3.93% 3.69% 3.95% 3.74% 4.34% 4.22% 3.52% 3.90% - 4.85% 4.11%
Table XIV
' MITOTIC INDICES, 1.0 ppm #837/FHM
Culture . . ’ )
Tube No. 1 2 3 4 5 6 7 8 9 10° TOTALS
_ Total Cells 1097 1068 1022 1015 1020 1000 1090 1014 1010 1019 10, 355
Mitotic Cells 27 14 16 25 - 11 14 20 24 .15 12 178
Mitotic Indices 2.4% 1.3% 1.5% 2.4% 1.07% 1.4% 1.8% 2.3% 1.48% 1..1% 1.7% .
Table XV
MITOTIC INDICES, 5.0 ppm #837/FHM
Culture . . , ,
Tube No- 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1011 1020 1030 1008 1093 1106 1020 1080 1019 1007 10, 394
Mitotic Cells 11 7 10 12 4 4 9 5 8 5 75
Mitotic Indices 1.0% 0. 6% 0. 9% 1.1% 0.3% 0.3% 0. 8% 0.4% 0.7% 0. 4% 0.7%



Culture

“Table XVI

MITOTIC INDICES, 0.1 ppm #837/RTG-2

Tube No. B 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1030 1197 1050 1020 1113 1ooA1v 1036 1044 1025 1010 10,526
Mitotic Cells 37 31 35 | 27 41 30 32 36 29 29. 327
Mitotic Indices 3.59%  3.2% 3.33% 2. 64% 3.68% 2.99% 3.08% 3.44% 2.82% 2. 87% 3.0%
Table XVII
MITOTIC INDICES, 0.3 ppm #837/RTG-2
Culture 7 : ‘ ) _
Tube No. .1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells - 1053 1092 1054 1066 1014 1046 1022 o2 1050 1012 10,435
‘Mitotic Cells 122 116 . _1zi 125 147 17 | 86 120 - 125 99 1?17.8
- Mitotic Indices 11.58% 11.62% 11.48% 11.72% 14.49% 11.25% 8.41% 11.62% 11.90% - 9.78% 11.28% -
- Table XVIII
MITOTIC INDICES, 0. 5 ppm #837/RTG-2
Culture ' : : o .

' Tube No. o1 2, 3 4 5 6 7 - 8 9 10 TOTALS
Total Cells 1005 1007 1030 1025 1012 1010 1039 1008 1027 1022 10, 185
Mitotic Cells 107 147 109 139 133 140 147 117 9 113 1 261 .
Mitotic Indices 10. 65% 14.59% 10.58% 13.56% 13.14% 13.68% 14.14%  11.60% 10.61% 11.0.5%' 12.38%

6¢



Culture

Table XIX

MITOTIC INDICES, 0.5 ppm DMBA/RTG-2

Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1005 1021 1010 - 1020 1015 1010 1019 1000 1015 1020 10, 135
Mitotic Cells 17 16 6 5 12 10 5 8 9 9 97
Mitotic Indices 1.69% 1.56% 0.59% 0.49%  1.1% 0.99% 0.49%  0.8%  0.88% o.abs% 0.96% -
“Table XX
MITOTIC INDICES, 1.0 ppm_DMBA'/RTG-z
Culture _
Tube No. 1 2 3 4 5 6 7 : 9 10 TOTALS
Total Cells 1006 1010 1008 1002 . 1006 1008 1002 1010 1006 1009 10,067
Mitotic Cells 2 6 7 12 5 6 5 5 6 4 58
Mitotic Indices 0.19% 0.59% 0.69% 1.19% 0.49%  0.59% 0. 49% -6.49% 0.59%  0.39% 0.4%
“Table XXI
MITOTIC INDICES, 1.0 ppm DMBA/FHM
Culture : _ _
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1118 1064 1142 1029 1080 1054 1017 1046 1053 1131‘ 10, 734
Mitotic Cells 19 13 32 16 2. 35 20 24 30 29 250
Mitotic Indices 1.66% 1.20% 2.80% 1.59% 2.96% 3.34% 1.96% 2.29% 2.84% 2.56% 2.32%

0% -



Table XXII

PERCENTAGE MULTINUCLEATION, CONTROL FHM

Culture . .
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1075 1063 1023 1076 1052 1042 1037 1023 1087 1008 ' 10, 486
Multinucleate 9 4 3 5 4 3 4 4 10 8 54
Multinucleation 0.85% 0.40% 0.30% 0.5% 0.35% 0.28% 0.35% 0.38% 1.0% O._78% 0.52%
Table XXIII
PERCENTAGE MULTINUCLEATION, 1.0 ppm #742/FHM
Culture |
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1014 - 1053 1023 1018 1007 1029 1062 1037 1031 1022 10,296
Multinucleate 73 60 56 71 67 55 54 71 61 67 635
~Multinucleation 7.1% 5. 7% 5. 5% 7.0% 6. 7% 5. 3% 5.1% 6.8% 5.9% 6. 5% 6.1% -
Table XXIV
PERCENTAGE MULTINUCLEATION, 5.0 ppm #742/FHM
Culture ’ ' _ :
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1021 © 1026 1034 1059 1042 1006 1009 1051 1046 1072 10, 366
Multinucleate 55 59 52 59 53 49 48 67 61 58 561
Multinucleation 5.4% 5. 8% 5. 0% 5.6% 5.1% 4, 9% 4. 8% 6.4% 5.9% 5.4% 5.4%

|87



Table XXV

PERCENTAGE MULTINUCLEATION, 10.0 ppm #742/FHM

Culture
Tube No. 1 2 3 4 5 6 7 8 9 10 'TOTALS
Total Cells 1023 1056 1011 1079 1009 1103 1062 1058 1041 1027 10, 469
Multinucleate 58 67 67 69 - 59 69 76 58 . 72 62 657
Multinucleation 5.7%  6.4%  6.7%  6.4%  5.9%  6.3%  7.2%  5.5% = 6.9%  6.0% 6.2%

Table XXVI

PERCENTAGE MULTINUCLEATION, RTG-2 CONTROLS

Culture : -
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1143 1158 1036 1095 1042 1007 1213 1012 1105 1187 10, 798
Multinucleate 20 20 19 19 11 iz 18 19 22 18 178
Multinucleation 1.74% 1.76%  1.9%  1.8%  1.1%  1.2%  1.4% 1.8%  1.9%  1.5% 1. 6%

Table XXVII

PERCENTAGE MULTINUCLEATION, 1.0 ppm #742/RTG-2

Culture T : ' :
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1142 1076 1081 1024 1039 1022 1063 1097 1105 1121 10, 770
Multinucleate 20 17 13 10 16 14 - 19 20 20 .16 175
Multinucleation 1.8% 1.8% 1.4% 1.6%

1.6% 1.2% 2.0% 1.5% 1. 4% 1.8% 1.9%

(4%



Table XXVIII

PERCENTAGE MULTINUCLEATION, 5.0 ppm #742/RTG-2

Culture ) )
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1018 1010 1081 1040 1072 1031 1000 1055 1033 1013 10, 353
Multinucleate 15 17 13 19 20 11 17 16 18 13 159
Multinucleation 1.5% 1. 7% 1.2% - 1.8% 1.9% 1.1% 1.7%  1.5% 1.8% 1.3% 1.5%
“Table XXIX
PERCENTAGE MULTINUCLEATION, 10.0 ppm #742/RTG-2

Culture _ .
Tube No. 1 2 3 -4 5 6 7 8 9 - 10 TOTALS
Total Cells 1048 1082 1031 - 1025 1031 1055 1167 1104 1069 1044 ‘10, 656
Multfnucleate 14 15 24 . 13 17 16 16 18 20 13 166
Multinucleation 1.4% 1. 7% 2.3% 1.3% 1.6% - 1.5% ‘1. 4% 1.6% 1. 8% 1.2% 1.5%

, “Table XXX

PERCENTAGE MULTINUCLEATION, 1.0 ppm #837/FHM

Culture .
Tube No. 1 2 3 4 5 6 7 8 9 10- TOTALS
Total Cells 1021 1018 1052 1073 1008 1048 1037 1031 1025 1082 10, 395
Multinucleate 42 70 54 62 67 42 63 43 46 43 532
Multinucleation 4.13% 6.87% 5.13% 5.77% 6.64% 4. 0% 6.07% '4’:"1"‘7%5"-* =4, 48% - 3. 97% 5.1%

187



‘Table XXXI |
PERCENTAGE MULTINUCLEATION, 5.0 ppm #837/FHM

Culture
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1005 1032 1062 1047 1039 1003 1013 - 1029 1037 1042 40, 309
Multinucleate 8z 95 88 99 95 73 87 97 73 112 901
Multinucleation 8. 15% 9.2% 8.28% 9. 5% 9.1% 7.2% 8.5% 9.4% 7.0% 10.7% 8. 7%
Table XXXI1
PERCENTAGE MULTINUCLEATION, 10.0 ppm #837/FHM
Culture ' . _
Tube No. 1 2 3 a 5 6 7 8 9 10 TOTALS
Total Cells 1000~ 1009 1024 1009 1034 1017 1028 1023 1011 1021 10, 176
Multinucleate 187 134 79 90 137 92 128 116 87 136 1,186
Multinucleation 18.7% 13.28%  7.7%  8.9% 13.3% 9.04% 12.45% 11.3%  8.6%  13.3% 11. 6%
Table XXXIII
PERCENTAGE MULTINUCLEATION, 20.0 ppm #837/FHM
Culture , ' v ’
Tube No. 1 2 3 4 5 6 7 8 . -9 10 TOTALS
Total Cells 1010 1009 1000 1026 1008 1006 1020 1025 1063 1014 10,124
Multinucleate 120 121 126 123 . 130 105 97 105 123 129 1,179
Multinucleation 11.88% 11.99% 12.6% 12.0% 12.9% 10.5%  9.5% 10.24% 12.16% 12.77% 11. 6%

4%



Table XXXIV
PERCENTAGE MULTINUCLEATION, 40.0 ppm #837/FHM

Culture . : : ' _
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1017 1006 1031 1028 1025 1010 1023 1019 1015 1011 'm, 185
Multinucleate 133 110 124 123 166 86 121 127 135 124 1,249
Multinucleation 13.07% 10.9% 12.02% 11.96% 16.19% 8.5% 11.9% 12.47% 13.35% 12.3% 12.2%
Table XXXV _
PERCENTAGE MULTINUCLEATION, 0.1 ppm #837/RTG-2
Culture ' ‘ : .
Tube No. 1 2 3 4 5 -6 7 8 9 10 TOTALS
Total Cells 1005 1023 1154 1001 1082 1040 = 1302 - 1121 1029 1061 10,818
Multinucleate 32 33 43 32 30 32 T 46 38 31 - 34 351
Multinucleation 3.2% 3.3%  3.7% 3.1%  2.7% 3. 0% 3.5% 3. 4% 3.0% . 3.2% 3.24%
Table XXXVI ,
PERCENTAGE MULTINUCLEATION, 0.3 ppm #837/RTG-2
Culture : : : o ’ ' 7 . L
Tube No. 1 2 3 4 5 6 -7 8 9 10 “TOTALS
Total Cells 1032 1073 1091 1051 1008 1018 1070 1080 1050 1008 10, 481
Multinucleate 24 26 20 18 22 23 25 18 24 28 . 228
Multinucleation 2.32% 2.42% 1.83% 1.71% 2.18% 2.2% 2. 3% 1.6% 2.2% 2.7%  2.17%

9% .



Table XXXVII

PERCENTAGE MULTINUCLEATION,. 0.5 ppm #837/RTG-2

Culture .
Tube No. 12 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1085 1006 1107 1194 1009 ~ 1025 1038 1074 1062 1043 10, 643
Multinucleate 224 258 290 354 - 196 324 209 287 311 282 2,739
Multinucleation 20.61% 25.7% 26.2% 30.0% 19.6% 31.7% 20.1% 26.7% 29.3%  27.0% 25. 7%
Tablé XXXVIIL ,
PERCENTAGE MULTINUCLEATION, 1.0 ppm DMBA /FHM
Culture ' _ ' :
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1056 1033 1047 - 1007 1079 1057 1029 1036 1077 1092 10,513
- Multinucleate 42 82 87 76 92 69 55 61 81 63 732
Multinucleation 6.2%  7.9%  8.3% 7.7% 8.5%  6.5% 5.3%  5.9%  7.5%  5.8% 6.9%
Table XXXIX
PERCENTAGE MULTINUCLEATION, 10.0 ppm DMBA/FHM
Culture o ,
Tube No. 1. 2 3 4 5 6 - 7 8 9 10 TOTALS
Total Cells 1036 < 1176 1114 1169 1021 1017 1056 1047 1043 1006 10, 695
Multinucleate 24 18 12 14 16. . 10 20 19 14 19 121
1.9% 1.1%

Multinucleation 2.3% 1.5% 1. 1% 1.2% 1.6% 1.0% 1. 9% 1.8% 1. 3%

9%



~“Table XL~
PERCENTAGE MULTINUCLEATION, 20.0 ppm DMBA/FHM

Culture : _ v _ _
Tube No. 1 2 3 4 5 6 7 8 9 10 TOTALS
Total Cells 1081 1003 1101 1075 1033 1091 . 1071 1095 1105 1078 10, 733
Multinucleate 12 16 9 18 11 14 10 12 14 15 131
Multinucleation 1.1% 1.57%  0.9%  1.7% 1.01%  1.3%  1.0%  1.1% 1.26%  1.4% 1.2%
_Table XLI-
PERCENTAGE MULTINUCLEATION, 0.5 ppm DMBA/RTG-2
Culture )
Tube No. 1 2 3 4 5 6 71 8 9 . 10 TOTALS
Total Cells 1005. 1025 1002 1056 1045 1081 1109 1069 1077 1027 10, 496.
Multinucleate 19 13 6 9 14 11 - 16 15 8 11 122
Multinucleation 1.9%  1.2%  0.5%  0.9% = 1.3%  1.0% 1.5% 1.4% 0.7%  1.1% 1.1%
Table X1II
"PERCENTAGE MULTINUCLEATION, 1.0 ppm DMBA/RTG-2
Culture ) ’
Tube No. 1 2 3 4 .5 6 7 8 9 10 TOTALS
Total Cells 1006 1010 1008 1002 1006 1008 1002 1010 1006 1009 10, 067.
Multinucleate 32 40 81 36 36 42 25 22 22 36 372
Multinucleation 3.2% 4. 0% 8.19% 3.6% .3.6%

3.6%  3.5%  4.2% 2.5% 2.2%  2.2%

Ly
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Table XLIIT

DIVISION RATE SIGNIFICANCE

' : ‘ : - o
Chemical Cell Line ‘ Chemical Levels (ppm)
#1742 FHM 5.0 0.5 0.1 Control 1,0 10.0
#742 RTG-2 . 1.0 5.0 Comntrol 10.0
#788 FHM = 1.0 Control _ _
' . (Significance exists at .02 level)
4788 RTG-2 1.0 0.5 Control |
#837  FHM  10.0 5.0 1.0 Control
#837 . RTG-2 0.1 Control 0.3 0.5

- MULTINUCLEATION SIGNIFICANCE

#7472 "FHM _ Control 5.0 1.0 10.0
#742 RTG-2  10.0 Control 1.0 5.0
#837 FHM 5.0 1.0 Control 10.0 20.0 40.0

¢ cmma——————

4837 RTG-2 ‘Conmtrol 0.3 0.1 0.5
#788  FHM Control 20.0 10.0 -1.0
#788 RTG-2 0.5 Control 1.0

>>:< .
Any two means not underscored by the same line are significantly
different. Any two means underscored by the same line are not sig-

nificantly different.



CHAPTER V
DISC USSION

There are a vast number of possib‘lke a,‘ctivori‘s that chemical agents

' might have in altering cell divisioﬁ, inducing hypérplasia, evoking
maligné,nt transformationk,‘ or modifying fno’rphélogy; Mar}y theo'refical
expianaytions of the manﬁer in which chem‘ic.:als rﬁight alter cell\ulaf activ-
ity ha.ve‘bexen prqppsed;" and ’ché data“l‘"rereizi. éhed little light'oﬁ__-these
crucié,l provblems‘.

‘As‘_‘regards iﬁhibitgibn of: mitosis, one ﬁusf consider a‘t‘ least three -
major event. ﬁvhich_ dccﬁr if.a ceii is to divide; chfomosohﬁal r‘.eprqdu‘c-
tioﬁ, icv;hro'mo"somal"n‘zoveme'n‘t‘and .cytop.lasm‘ic‘ Elgavag’e; Blockage of
‘any‘ oné' ‘of't‘.:hese 'evé.‘,;nt‘s re su'lté in 'teir‘min'a‘w.idh of cell di*v:'isio.n at that
péintland failure ofﬁ‘latei' events to bccur ,(lGéilfa;‘nt,‘ 1'9;6'3’)‘,. »

In.hibition at prophase will éccur 1f th:e‘;n"ucléo-lo‘us i’s. damaged
(G'aulden‘a,nd ;P‘,e'rrgnr,’ 1958; Géulden, 1960),‘-. or i£ the nucleé,z_' meﬂmbx"ane
breakdown is pr.eventea_(Hadd.verandl .W,‘iléoﬁ,v 19.58)., Eig“éti and Dqstm o
(1955)v.re‘p.ort‘:éa‘ that v‘a‘,na".p.hav‘se will not occur if the spindle is disoriented
during_.metapha‘s‘e.j If anaphasé movement of chrorﬁosﬁfnes. i's.'iﬁh‘ibbite‘d,
teléphase will not oc’cﬁr (Ris, ‘1949). "The final ac't of‘cle.ll _‘diviv.s;ion, that

‘of cytoplasmic cleavage, must also occur if two normal uninucleate cells

49
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are pri)duced Wand this too cian be chemiéally blocked (Morsla,mi 1956;
Prescott, 1961) | . | |

In order for th.ev cycle to repeat itsélf; .éiirgmosoines i’nust vuncoil
from tl'ie condensed state following‘teioi)hé.se; failure to do so res‘ults‘ in
telophase blockaé-e (Bucher and Mazia, 19»60).“ ‘Each of these events en-

tails coihplic,é.ted smaller stepé; in the overall event. . For example,

Kanaziér‘ a.n-ti Eri"'vera.l‘ (1954) inhibiied DNA syntli.esis in Escherichia ‘co‘li‘
but were able tov 'dem.ons.ti";.t_:e: the acc‘umul‘a‘:tion of bNA precursors al-
though DNA synthesis itself was inhibited.

Mézié (1961) propos‘ed' the concept of |"jgv)_o‘i’u'i_ts‘. lof‘.no return'' which
views. the progress of mii:dtici events as "unblockable' once the eveni: is
induced; for é};_a.mpl.e, oiice DNA synthé-sis is 'stiniuiated to occ'ﬁr,- DNA .
blocking agénts will not be effective.

The rhitotic_.cyclve has long Been chai‘acterized only in its most ob-

vious phases with little regard for interphase. The interphase stagé has

in more recent yearé been studied in detail and chafacterizéd i_.rl_.vi"vo
andﬁ,m‘(GeIfant, 1962), Ori'éi'nust take thgée st;ges into ‘c.:orisider-
ation in order to find a poirit at wliich av.ch'er‘n,ica.l‘ migh‘t initiate or inhibit o
acfivity, pa.rticulairly with reference to DNA‘ syhtliésis. or other ‘non-‘
observablé plienomena. The interphase stages have been termed Gap,
(Gl), Syrithesis of DNA (S) ‘and Gapz (GZ)‘ : Inhibition at Gl,v thai; period
1mmed1ate1y follow1ng cell division, has been: described by Bollum (1960)

and LaJtha (1958), ‘S blockage of DNA and GZ blockage, that period just
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be.fére‘prophase, was described by Painyér,an;i Robertson (1§59)‘. If a
cell 1s inhibited at ‘an‘y one éf these intefpha'se:'.stagés, it_:Will ﬁétprogress
'_ bgyondthai; point (Bi'es‘éle', 1958). | | |
4 Mit»oti‘ci i:r‘lhibition’,: ‘aberP_'PO’ls?d toi',.:f‘nif'otic sf:i_‘mu‘lati'on, 'CQI.J.‘ld _occﬁr at
:any';ingle p‘oih,t-»in fhe corr;pléax cyclic chain 'Of'évéhté. ‘Mitotic: stimula-
tio‘n‘, how.e‘v‘:er', is difficu]v.jt,'tob inte‘rpre.t in fhfe’se -tefms, "Iéxce»pt as a regu-
iafor or sc;j;ne part of thvev l;égvulaéto:g.y mechanisrﬁ Qf'fhe ovérall pr_ocesé
which may be influenced.’ ‘.""Alsob one .fr:;ust considér,’ in-'th.is ééme'context, l
. growfh_ '(a; 'é. cons'equen.ce of .cell divisionba,nd increased Protoplasm),
‘normal cell d-i:\‘ri‘sion for 'replla.uf:-,e,mént a,vnd'r.e_paﬁ't.i'_, hyperplasia and rﬁélig-
nant p?.épsformatibn, | | | |
.E‘_spelcially neede;d in copsi'der;rigthep’ir.eser‘rt_dgta' is a theory which
will explain to s§'1;ne -exiﬁént the dibf.fér.e‘ntiationio'bse:ved in ce11 cultures.
The author feels éhié is best egﬁamgd by t}iev’theéljy‘é.‘f’?;‘;rdé-e (“1964)
whicﬁ 1n its‘ sirﬁi)le.ét i:e_rms': holds the control of céli ai\'fi:sv,i'bn'a';:‘xdﬂcellular
- .dif.fér‘e'n‘t‘:i‘e{ti‘d‘n to Be under reg‘ulato‘:bry ;fn;)levc‘:ﬁles.‘from the envir'on;nent,‘
-éna,failure-of these 's‘ubstanc'e's'to'ventevr the cell, o.r“tvh‘eir failu,ré'to é;ct
ox};:e i:.‘;.‘_s‘id‘e the .:c,ell, fesults m ioss of ’con.t.'rh(-‘>1 and an-incréas”e in the
rate of céll-» aivié‘ion,._ .'i[‘hé tﬁé?ry has sﬁpport-frvbmv the fil.'xvdi'ngé;tha'.t
molecules of -surprisingly 1a_,rge"s'ized éa}nvpassv .fronﬁ t‘he" environmeﬁt to
a c‘elll_;' -Bex;rill (1943) put fdftfl long ago the ancépt that carcinogens
were c‘e-ll"—surfa'ce—acti‘i/e compbunds. vMore‘ récently, Willmer (1961)

repdrt’ed- evidence that even hormones can 'médify the permeability of
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‘the é;al,i membranes' to véi'iqﬁs‘ :‘metabolites', Whigh',»fnéiy in pé.rﬁ 'e:"cpl‘ain
' some of theactlonsof #742 and #837Wh05e Ster'q‘lrd'ché‘mical ét;uctﬁreé'. ‘
| M'a.r‘e. SLmllar to those ofnaturally-occurrlng hormones : |
,The‘vfh'ejo;r é‘,fi§a1' élb.‘:rr:_é'.lalti;n b'f“ vc‘:.hemiv.'c'al], 'sti"gptu? ei,‘ possibl ek*bin'dingv
"si‘tes‘ and é&pes ofé‘hemic‘:al bondlng Bet\&'éenv‘c;r'c‘iﬁo‘g'én‘s'.and‘vtis'su‘e_fsub“-‘-' '
' ‘-’bsta.nces have beén stﬁdled é,nd svevera;l theor‘le;sv ;.dvanced by nu‘n:‘Lerous
‘invves'ti'gatoris"(Pt.-lvllmannk; ‘1'955.’, 1964 M111er and Mlller, 1961 Heldel-
'berger,»’195:6")o; , S
Of'p‘a‘,rtli"culé,ib'.‘ i‘i*nvpo’rt:»:m‘-c.e 'i.s"t‘hej.ci;{de"s:tiOnlofl vperﬁ';etuvat.io‘n of the ef-
,‘ fects p‘rodlii;ed: B}v_r:v‘che‘z_rmiéaAlls' ;the;'i:ﬁg mltotlc a;cti\;it'y‘With v“rve’s;‘;éct. to
fhe nu.cl‘e:uvsy,- and bthe":cezllﬁl‘;r éf.ea _of‘ ,hydr.oc;érbdn attva_chment.‘ Baéi?z- .
: ally,, it,is a qt'lelstio.n' é_f_\n}hethef' hyd'ric)ca‘,rbox.ls'.attach’in some fa‘shion
- to the genetlé ‘app'a,'ratus of ‘the cell dlrectlsr; or- to some regulatmg fac-,.
tor. Heldelberger (1964) dlsputes all ev1dence for DNA hydrocarbon
attachmentv-on t‘h‘e basls of its ‘cherbnllcal :L"mpOSSlbll‘lty, and he has put
forth the? the,b-r'y»thabt c_a;f,cinoé-(.anig hya.roééxrbons afﬁa;ﬁ to ‘cytoplasmi‘c
pr'ote’i‘n’s. }coh'cerhe;d’w»it.h mltotlc regula.tlon | Hlsproposa1 ahd'bh‘is, hypp'_
thetvic:al p}el;]‘pét»uationvc‘:i‘réﬁi‘tsf.it}w.él_l' Wlth "‘t"l'i'ev _evi‘;d‘eﬁc;%e.nbf J acdb_a.nd '
- Mona;_;d on régulatéry r‘nechanisnﬁi‘s (1961). | |
.Thgdata.h.e»'reiihv indicate the chemiéa'flls'teétec,.i-‘hav_e':‘ effects on ratés
of bcellb "div.ision, iﬁhibiti@n or ‘acce'l"eration;‘ effect on multinuéleation;
slighf fnor.ph§logica1 effecﬁs; and tdxicﬁ. véff.e'ct_fs.n Noamount of étatistical
analyses, including-thése inthe prés.ent s%:udy, can f‘ull_:y support experi-

mental“’data, obtained froma series of :;i_n_vi:tro studies (Schepai‘tz, 1967).



Signi:fi-caﬁcetest_s are neoe.ssery but hot'suffieient cri’fe;:ia for unquvest_
ionableb ‘acceptance of ’o‘bser{red effe'ots bjri one 'ioVestig'e-t.or.; inStead, the:
_ ebdlty to reproduce data in dlfferent llaboratorles under different con-

- dltlons and by d fferent 1nveet1gators 1s of prlme 1mporta.nce Some
comparatu/;e data a,re avallable for DMBA but not for #742 or #837
s

O:Bsel;-ved #742 ef‘fectsvinolo‘dec‘i‘ inhibition of fn‘itceisy a.clcelerva'tiori ,
of mitosis; slm.ght morphologlcal changes and tox1c1ty The seemmgly
‘paradoxa.cal mltotlc effects, Wthh would appear mutually exclus1ve,.
were observedv at dlfferent concentrations of #742 (O. 1 and O.' 5 ppm)' in-
hibite& r’xﬁto s’ig in *thé' epithelia-i FHM line ana 'siniiiar inhibitioh v&as
observed w1th flbroblastlc RTG 211ne at 1. Oppm(Table I). Inhlbltlon
of m1t031s in normal cells but notmallgnant cells by carc1nogens is a_
; well documeﬁted occurrence (Vasillev; 1963). The da_ta herem_ 1nd1cate .
RT{G-LZ and ‘.FHM vc.e‘il.s are '_'norr.na'_l‘”'in' tha.t malignaht. ‘tvr:ensfofrﬁet‘io,ov.
) vfha?s iiot. taken piaoe:,-f’ir;-oon.tfol cuzltu'.:res | 'i‘hie c‘oncvlﬁs‘io'n "coi'hic(i'd‘es‘wm' th
| &1rect bobservatlon of the c‘ells and fhe 1mpressmn the.f they are weli
organwzedl typlcal morohologlcal types. HoWever, in. c"o_ntfasf to-the
e_ffects‘of sor_'n'e cheml’cal carc‘ln.ogens..;on normal c.'ells., .thevlﬁni.to‘tic r‘_ete-
"wes: not fuft}:lervr-edu.ce'd by hiéhervcopcehtratioﬁ'e of#742 but was in-
3 oreaseo; | | | |
At higher coﬁcehtrations, the 1ncrernent of mii:otic inc_:rease was not

the same in the two cell lines. TheFHM vljirie_-showed greater susceptibility.
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‘to the action of #742 atv:‘ both’ copcen’;z.'aftior»l"e}'ctr‘eme.s; How‘everv, fhe
lethal dosage of #742 for FI—IM.wé.s ‘siinilar fo'v,th'jat of RTG-2, Previous
data oo Lufibroblasts showed no f_ecluct.io_n 1n 'faté'c;f cell division at

' 1ower.concentra.tvio.ns. of #1742, “’L-fior‘_oblas‘ts‘used 1nthe experiments

were highly ana;ola»s;tic in comparison with RTG-2 fibroblasts, Tumors v

4 i.ﬁduced_by'#742_i_13 vivo involved embrYonic 'cel‘lvs, or’ anaplfastic cells to
e greater dbegzee'e than oﬁ‘nor:::nal cellé.; - o |

| Treeted FHM ceMs };.adisignificant inc.feeses in multinoclea.tion at
v 1ow concentrations, but the percentage vofv multmucleatlon in RTG 2 |
iflbroblasts deviated only sllghtly from that of tile controls even at the
highest nonlethal concentration. | | .

Morphological change:s;-fwiere to;xv/a“l;'d:“e more fibroblestelikecell.
There was a reduction in the amount of cytopl"asmnand cel'l_:s became
slightly spindle shaped... This morph“ological alteration is pos sibly are-
sulﬁ of redoced p?o.tein s'ynthes‘i's vr“a.ther'v thao'indoctioo of differentiation.
Data obtained from ’stu.dies on other mitoti‘-c vihhibito‘:r"’y agents indi'cate
alteratlons in protein synthesis (Alfred 1965)

v In compamson w;.th DMBA and other carcmogens, Chemlcal #742
does not have‘ ty‘pical cercinogenic action‘on norma}_i_rl Yi_tg_g cells.; Its
. effects on normal RTG-2 fi‘o'_z;oblas_ts was elighﬁ, where.as marvked efvfects'[ :
were noted on normal epithelial,cell's and‘aneplast.ic bL-fibrobl‘aStS_.' The
dufal veffecvtsv, inhi.bi%:ion anci stimulation of mitosis, cou.lvd possibly be‘ in-

- terpreted as the initial action of this COmpogn'd to inhibit cell division,
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apd secondly, the Ability of ‘t}.iisv vsubst'_aﬁ'ce to 'c'a'use 1_n_\_r_1£1;g malignant
_tfax‘lbsfofma,tio‘n (ias_ Op.po‘s_e‘d tovD‘i\‘/IBA)_. I—’Iowev"er‘, 4’thi.s_ the;)ry v.vas: not
cohfirmed by reinjectiori of #742 -f_reéﬁe.d -éells.' ; .there 1s iit_tie’ .dq:ub't as
to its séle';:tivé :e‘ffe.cté‘ on g#a,»piastic and ,éfifh’evl_ia;l.vcgllvs.' | Jonés (‘perf.
. somal édﬁmqhiéation) observed chemical #‘74_2‘ eff'éctged‘noticeable‘cha‘nge
in epifheliél cél_ls of 'frog embryos b_éfore o_tﬁer c.ells‘_' were affected.
Chér‘nicajl'#_742 f_féafeti L-fibr_c:_)b‘vlast ‘ce.ll'.c@l_tu.res ‘wer-e observed to
have increaSéd p.é‘rceﬁtagé_s of _r‘nul"tinu‘_cleat c.ells up to'con_céntrations
effe;:ting. mo;"ph‘c;lo'gical changes4"('Bourrie; 1964). At that time, it was
cdncluded the i?_mrea‘se resgited fro’rﬁ abortive mi'to‘1_:ic division ‘and
' 'amitos.is". Either of fhese p;‘ocedurés could ac‘c.ount'fof increased mﬁlti-
nucleation, especially since evidence of amitosis waé observed. How-
ever, in t_he_px;e_.se:nt stud'y., it is feit that increased multinucleation
occurred‘ aé a result of cell fgéion toa greater -degreeﬂtha‘n to abortive
_ mitoll:i‘c'division.or amitps“is; |
_ Positive cor-re‘lén{tvlon between the rates Q.f_'cell division and the per—u
; cehtageé' of _m.ultihuc_.lea_te ceiis' canfnof‘ be »s'flo_wn. Alvl' treated éultufes
vvsvho'Wed signifi‘ca:,n‘t‘inéll"easés._" ih mubltinucleat‘ion_w.ith fh.e exc‘eption of
#1742 t'z."éa.tved RTG-2 fib_robiés‘té which had only slight incr'é‘ases. Mul -
tinucleation is sepafété-and independent from the effect on rates of
cell division. MuIi.:in_ucleatiotn could possibly b.e_‘ used as an i‘ridication
"~ of ,the'-deg.re.e of éffect of hy.(ir.ocarbcv)ns oﬁ: cell membranes,
The.forégoing doev‘s not rule ou.t .t‘hev»po,_s‘sil.)ility ofamitosis and

abortive mitotic division as a causal factor in multinucleation. Many
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lobulated nuclei were observed in treated cultures which appeared as

stages in amitosis.' Ho‘wever,‘ there is little doubt that»fusionv does occur -

in malignant ﬂx_mlo and l:._I_l_-V;itI"O cells ‘(Okab,da,_ 1965), and it is a logical
’ cons‘equvencé rto'expect a_ioss of norrﬁal inen’;bréne structure under the
inﬂuencke §f' .su‘rfva:ce‘a,'c;tive hjrdr.oc‘arbo_ns. | |
“'#83f'

Chemical ‘#83‘7. has s¢1e_¢¢ix}e effects’ox{ "epithe'iiai FHM vs fibroblas-
- tic RTG-Z cells, f‘ibroblasts at low con'centfations, below Ol ppm,
were not inhibited Whefeas 0.3 ppm‘ir‘lduced. thie’cé'lls tb diyide ati aArate '
almost four tirn»'e‘s‘ th@t of: thev‘controlé. .Céllula_r.-méré}»lollogsr.o.f treated |
_ RTG~2_ ’fi.bro‘blasts wa.s maricedly éﬁaplaétig-with loss of fibr‘oblastic coﬁ,-‘ ;
fig.urationv,‘ I—Iigher cpncentrations inc:réaéed the mitotic index only
slightly, Large nu‘nibre‘rs' of "'giant éélls” cﬁa.racéeristi.c of malignant

cells in vitro were seen,

In c:;n;m:t:ra,st, FHM cells showed vapp.?rec:lablel mitotic inhibition at
1.0 ppm #‘837 énc‘i ﬁarkedlihhibi.tion at 50 pp;‘fn. - Karyorrhexis ana a
breakdown of cell 1lrn‘er’nbra.nes Wevré c;b.s'exl'Vecli‘avt this concentration and
- cells coalesced. The large percentage’ of multinucleate cells is thought
dﬁe to‘this' effect.“ No étim_ulation of mifosis bjr #837'was observed in
FHM culture.s-; |

On the basis of the ‘sfaining reaction (uniform méthods were used)
chemical #837 treated cells d.!_d_ ﬁot péss the S stage (DNA synthesis) of

interphase. Nuclei were pale and homogeneous. No stoppage of mitosis
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in metaphéSe was noted. .The cytopla‘sm Was'_highiy vacuolated, and in-
distinct c»e“;ll membrant_—j:s we'rﬂe.obs'e.rvéd_'. 'lriv islo'late(vi vc‘élls._ Increased
multinucleation -iﬁ RTG»Z. f_iﬁr’oblésts is p‘_r‘o.bably al’sq‘dvue. tc.).b_ovth the
effect-ofv.#83‘i7 on c‘:‘el.l membranes lcavusing. goéléséence and rhaiignant
transformation, bbas thh che_mical #7742,

| Data ’ovbta‘i>nved.. herv_e on epii;,"hel.ial cells :i-s supported by Garner's ob-
servat'iqns {Garner, .1961) fhat _cel.]_s on the s‘u.rfaée of de‘veldping fish
' -embryos exposed.to_ .#8'3_7 uﬁderweﬁt cdalescencé énd app‘arently ceased

cell division.

DMBA

Effeéts of DMBA oh figh cells closely paralleled that observed by
Diamond (1967) on normal cells. .-R’I“G—Z_ fibroblasts res‘po‘r‘1ded to ex-
posuré to VDMBA at much 1‘o.we”1; conceﬁtrations than éﬁi'thelial FHM cells.
Fibroblasts were inhibited at 0. 5 ppm whereas ep‘ithelial cells were not
notiéea‘bly inhibit_e.d. until 1. Olppr_il'l. The aétioh of DMBA on both cell
lines 'indicéte again- thé,t these cells are nonmalignant. This éontention
is sﬁppo‘rted by biamond"s work l(l967) in which she found malighanf
cells, including L-fibréblasts, ot inhibited by DMBA but ncrmal_céllé
were. | )

In both c_ell lines, Enultini;cleationI increased asb each line was inhib-
ifed. No evidence of coalescence in either.liﬁe was noted. Toxicity
- was observed in the RTG;Z' and FHM 1ine$ at épproximately the same

concentration.
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Diamond (1967) has éhown tﬁat DMBA does chemically bond with
pﬁrotein in both .the-' cytoplas_rﬁ and‘ngclei of rionrnaiignant cgells;.but not
in malignant céils. She 'suglgeste'd insensitivity of ma'ligr;avtnt cells to
DMBA's inhibitory efféét as due to‘thé‘fa';lu.re of malignant cellls"to met-
abolize DMBA tc; a cher;lically reactive form. It was clearly shown by
hef wor}k_ that entrance of the carcinogen into the cell \r;é,s not impeded
injmaiignant cells, | |

Alfred (1965) ‘.found»a,s cell di‘visi:(')n Wasibiﬁhibited by DMBA during
the first 24 hou:;s gro’w‘t.:h, thetre was an incrgasé m DNA i)er cell.

This evidence indicat}e’s"that cells lose control of the: DNA regulatol'};'
mechanism at some pbint_ i)etween S (DNA éyntiaesi_s) and G,. FHM,Fcellls
iaar!;icularly seemed to be fixated in the G, premitotic state in all treat-

‘ment groups with viable cells.



Figure 5. FHM Control, 1000 X

Figure 6.

FHM, 1.0 ppm #742, 450 X

59



Figure 7.

Figure 8.

5.0 ppm #742/FHM, 450 X

5.0 ppm #837/FHM, 940 X
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5 ppm #837/FHM, 450 X

Figure 9

40 X

RTG-2 Control,

Figure 10,



Figure 11,

Figure 12,

RTG-2 Control, 1000 X

1.0 ppm #742/RTG-2,

100 X
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Figure 13.

Figure 14,

5.0 ppm #742/RTG-2,

450 X

100 X
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Figure 15. 0.3 ppm #837/RTG-2, 940X

Figure 16. 0.5 ppm #837/RTG-2, 940X



CHAPTER VI

SUMMARY AND CONCLUSIONS.

The in vitro effects of three hydr;)carbon's, l,‘i":, 5,(10), 16-estra-
‘tetraen-3-ol (#742), 17« me'tﬁylestra-l, 3,‘5;(110)-trie>ne'-3, 1:7;_«,;. -diol
(#837), and 9, 10-dimethyl 1, 2, benzanthracene (DMBA o£ #7_88) were.
studied using two vmovriahologigally different fish cell lines, fathead min-
now (FHM) and'rainbow trout gonad (RTG-2).

Cells were growﬁ directly on E(:o.v"erslips. in Leighton tubes contain- .
ing two milliliters ‘r‘ne‘diun‘z and va‘ry:ii;g concentrations of e;%pe‘rimental
- hydrocarbons fromt 0.1 ppin i_to‘.'bl_ethal"._levels_' aissolved in propylene gly-
col. Experimental 'and é_oﬁffdl c'ultu“z"es weré:iric.ﬁbated.at 21°¢ fér
‘se,\‘renty-tw‘vo hours B_efofé ‘fi:;atior; and staining in hematéxylin and eosin.
- Rates of cell 'divisic;n wer‘e" studied and qomparéd by déte'rmination of
‘ the‘ rhitqtic indices. ‘lz\/Iorl':holbgical' effeéts were studied and compared;
Pércenta.ges.of multinuclqation were aeterrriihe‘d in all tre:atinent groups.
. lChernical #7742 ‘wa“‘s 'fouﬁd to slightly ~inhibil.'tuce'11' di\‘ri‘si'én l(si'gniﬁcan't-v
at tﬁe .10 1évei) in‘t;h-‘e epithvelia,ll FHM line at ?‘(‘:;)nce‘ntr‘atilbnvs‘ of 0.1 ppm;
however this coﬁcént;;t'ation did not inhibit llin:e.R']'?é-Z. At a l‘c’ovn‘c‘ehtrla- :
tion of 1.0 #742, mitosis in cell line FHM was significantly increased

(.. 01 level), but cell line RTG-2 was .signifiéantly inhibited (. 01 level).
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- At 10.0 PpPm, both ‘ceil 1‘ines‘sho'wed"toxi<;.' effécts. : Cﬂeiﬁicai #742
effected ‘svlight fno_rpﬁdlogical changes in th’e epith‘eli,a‘l‘FItIM line, h§w-
ever none obsve'riv:'éa in the fib?oblaS»tié RTG-Z line. .‘Pe‘rcé"ntva.g.e of
multinucleate cells were onljr sli,'ghtly changedﬁv in FHM line by fhis" )
chemical, and no differences we,r‘e‘obsérved in line »RTG:-Z._

Previous studies on chemical #742 in thié laboratory showed it to
| inducevhyperpllastic ‘g.rowths in tile tail ézfea of devel.oping. ﬁs'hkembryovs
when added to thé water surr'ound;lng.‘ then;, and thej._E M effgcts of
this chemiéal on 'mammalian L-fibrobl’aéts_ (considefed'by' the author
aé-a malignant cell 1i';1e) studies in this _labor;tory showed thé, cvhemical
to induce rhorphological changes, increasé the- mitotic index, a.nd in- -
ﬂuenpe the percentage of multinucleate celis. Mitoficv inhibition was
not o,bservedv in L-fibroblasts treated with #742. On the basis of the in
m effects of knowﬁ carcinpgepic hydrocarbons and s‘imilar data ob-
tained in the present study, it_is pos sibie that chemicai #‘742 is a cér-
cinogenic hydrocarbon, |

Chemical #837 inhibited cell di%isionI in the fibroblastic RTG-2
line at a.‘concentra.,.t_ion' ofi 0.1 pém (;si'gniﬁcant at .01 level in compari-
son with l.b ppm which inhibited the epithelialr FH.M line (significant at
.00l 1eve1“). Mitosis was sto‘ppe‘d‘inn‘liine R.TG-Z at 5.0 ppm and inuline .
FHM at 10.0 ppm. Marked increases 1n fhe pertentages of multinu-
cleate_ cells wéreobserveé in RTG-2 and FHM lines at 0.1 and l.lO"ppm

. respectively. Previous observations in this laboratory on the in vitro

effects of chemical #837 showed it to cause fading of cleavage lines in
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in early fish embryos. . It was  observed in the pr'esent; study that #837
caused cells"tov_coa.l‘esc_:e. |

DMBA (#788), a known caréinogen, strqngly inhibited mivtOSis in
-line RTG-2 atvO.FS ppm (signiﬁcanfat . 001 level) and mitotic acti\_iity
wa s stop_péd at 5.0 ppm. FI‘{MF-c'ultu‘re-'s were siightl?r inhibited at 1.0
ppm (not sfat:isticaliy significéht) and mitotic ac'tiv;ity w_é.s stopped at'
© 5.0 ppm. In both cell iines multinucleation Qas increased at :the same
initial poncentration causing a i‘edu_ction in the mitot,i‘c rate; hoWever
the percentages were dec'reaéed at concentrations causing stoppage of
fnitptic activity. |

) | It wé.s conclud‘ed‘th.at ﬁ_sh céli‘ lines vRTG-,Z and FHM gave reéé

ponses similar to thoée gi;re# By.non*malignant' mammalian cells to
carcinogenic hydrocarbons. The increased percentages of multinu-
cleate cells was interpreted as the eff.eé‘t' of .thé hydro;arbons on cell
membranes ‘c,avusing._th‘ém té-lés’e étructure-and aliow coaiesceﬁce.

Selectivé and différential resp‘o.'nses were de‘tect'ed' in the two rhore
- - phologically different fish celll lines to exp‘osure to _the‘ hydrocarbons,
Chemical #742produced mitotic acceleration in:line FHMat 1. 0 ppm,
5ﬁt this sa{nie coﬁcentra;:ion inhibited the mif;dtic rate in line RTG-2.
At lb. 0 ppfn#742,‘ mivtotic‘ acce.lera.vtion'-wa‘s observe’d in lline.R"I’G-‘-Z,‘
" but this ‘same’ cor;c_:‘er':vmtration was toxic to-line FHM Chemical #837
se.leclt.ively_}la,cteld upén-line, RTG-2 at lb;y concentrations of 0. 1 t‘o‘O. 5
ppm to “effectv an increa.s.evinv mitotic ra;e-, and‘at 1. O-ppm‘it was toxic.

However line FHM did not respond to-low levelé and w'as inhibited by
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DMBA, hqwevér 1iﬁe RTG‘—‘AZ re'sbonded at much lower concentration
levels.

Stati.stically significant changes 1n the i)ercentage of multinucleation
were detected at concentfation levelsv ca,.usin_g‘ alterafions in the mitotic

rate.
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