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Theslis Abstract

ST

CYTOLOGICAL SEFTLCTS O CARTAIN ORCAVIC LILZICALS
by
arilyn Janet Iuston
It was ths purpose of thls study to investizate the
cytolozical elfccts of two 1lnsscticides, £-1014 and Systox,

and thres antiblotics, Rimocicdin, Tiziolutin and P.A.-96.

he izeristems of Allium cepa were trsated with solu-

POl

tions of the five orzanlc substances in a continuous
treatment up to 12 hours and ranging from ccncentrcotions
of 1,000 to 500,000 parts per million for C-1014 and Systox

and frem 200 to 1,000 parts per 1illlion for Rimocidin,
Thiolutin andé P.Ae-96. The root tips were collectzd at
hourly intecrvals and the smear tcoccimigue used for slice
nreparation.

In the study ol the slide material the occurrence of
five thincs was looked for: (1) spindle abnormalities
and c-mitosis, (2) change in the relative nwibsrs of
rrophase, metaphase and nost-metachase fioures, (3) over-
contraction of the chromecsones, (4) an increcase in the
percentaze of reductional groupings, and (5) necrosis,

P.A.-96 was founda te have no evident cytolosical
effects wiile the only eff:zcts of Rimocidin and Zystox

1

were Tound to be toxic. In materizl trsatad with Thiolutin



larilyn Janet Huston

there was observed an over-ccntraction ol the chromcscmes
at metaphace whlch was accormaniszd by an incrcase in the
relative nwiber of metaphases as compar:zd to rreonhesss
anc vost-metanhases. A corrclatlion was suggested between
these two effccts. (C-1014 also showed evidence of an
over-contraction of the chronosomes. At mctaniase there

was splindle disruption which resulted in a disor-anizetion

}_'.

of the metarphase figurces typical ol c-mitosis. ilc cyto=-
lozical effects were rccovered from either Thiolutin or
C-1014 and these substances were trerefore concludsd to

be toxle at any lavel of ccucentration capable of pro-

ducins mitotlc abnormalitles.

Aporoved:

—ZT N

e
Dr. G. 3. %Wilson
Sotany and rlant Pathology
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IITRODUCTIC

One goal of an investigation of the cytologlcal effects
of different organic chemicals is the formulation of new
concepts involved in chromoscme reprccuction and the me-
chanics of the mitotic process. Iany investligators have
made such stuvdies and consequently there 1s a large amount
of literature dealing with the effects of organic substances
upon ritosis. Effects simllar to those produced by such
treatments are to be found under naturally occurring con-
ditions and should e consldered, as pointed out by Huslkins
(1948), as the result of a natural but infrequent process
which the influence of chemical treatment makes more evident.
The study of the effects, whether naturally or artificially
induced, of such mitotic inhibitors 1s Important in the
matter of somatic segregation and reduction, the mechanlsms
of cell dlvision and its cytochemical processes, mutation,
elucication of the nature of cancer or tumor cells and the
discovery of useful growth Inhlbltors.

The dlscovery by Blakeslse and Avery 1in 1937 of the
polyploidizing action of the alkalold colchicine has lead
to the study of numerous substances with similar propertiles,
with the lnvestigzatlon of the cytological mechanlsm causing
the polinloidy beinsg of prime interest. Since the initial

1l



work with colchicine 1t has been found that the »rogress of
cell division and the mltotic mechanisms may be suppressed
or modified by a varicty ol physical and chemlcal memns,
but colchicine has proven to be one of the most eflective
of the chemnical substances in thls respect. This 1s partly
due to the fact tihat the actlon of colchicine 1s specific
with rezard to the inactivaticn of tiie spindle apparatus
and partly due to the fact that the inactivation nrocess of
the spincle 1s recversible and rot toxic, at least 1f the
expcsure to the colchicine 1s not overly prolonsecd and the
concentrations e:ploycd are not too strong (Levan 1943).
After removal ol the plant from the influence of colchicine,
the spindle will recover and the cell, with 1ts incrsased
chromosome complerient, will continue to function normally.
Cells recoveriny from cclchicine traatment present a wide
variety of abnormalities, which, coupled with the fact that
its cytological threshold 1s separate from 1ts toxiclty
threshold, makes it a good basis for cormparison with treat-
ments Involving other crsanlc substances.,

It has lonz been known that colchicline :as a caisturbing
effect on the normal ccurse of mitosis. Dixon (1905),
working on leucocytes, first noticed its action and inter-
preted the Ilncrease in the frequency of metaphases as being
due to the stimulating effect of the érug. Tustin (1934)
and Lits (1934) regarded colchicine as a very actlive azent

for increasing the number of mitoses iIn a tissue, thus also
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regarcding 1t as a stimulating substance., Howover, in 1936
Luvdford came to the concluslion that the lncrzase in the
number of mitotic fifures aftcr colchicine treatment was due
to an accumulation of arrested mitoses rather than a stimu-
latlon process. He attributed thls effect to a failure of
the spindle to form and function in the normal manner (Levan
1938)., Nebel anc Ruttle (1938), who studlied the effect of

colchicine on stamen halrs of Tradescantla, arrived at a

similar conclusion.

Levan, who, with hls assoclates, has racde an extenslve
stucCy of the erffects of colchlicine, has described its action
as consisting of three independent effects, namely: the
ceneral poison effect; the c-mitotic effect; and the in-
duction of c-turors (Levan and Ostcrgren 1943). The use of
the terms "c-mitosis®™ and "c-timors™ as first used by Levan
referred to the typical effects of colchicline upon the
mechanics of mitosis ancd implied the polynloid result in the
case of the first-named anéd to the formation of a tumor at
the tip of the onlon root in the case of the latter. ILow-
ever, since that time many of the substances tested have
shown the typlcal effects without leadins to polyploldy and
hence the term "c-mitosis"™ has corme to refcr to the two
outstanding effects of colckicine trentment which are spindle
dis:uption and a delayed splitting of the kinetochores of the
over-contracted chromosomnes causing x-shaped fizures scattered

at random throuzhout the cell.
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viada (1949) reported that there 1s an increase in time
of duration of c-mitosis over ncrmal mitosis "due to the
greatly increased duration of the intactness or staying
period of the chrorosomes. The increase of tlme necessary
for the formation of chromcsomes and uncolling, namely the
time required for the prophase and telbphase, was not con-
sicerable.” This asrees with the findinrs of Levan (1943)
who renorts the c-mitotlc eflfect at metaphase In those sub-
stances tested.

Althoursh most of the substances tested have becn in-
effective as polyploidizing agents, there has bcen accunu-
lated a great deal of inlormation about thelr abnormal
effects on somatic mitosis. These include scattered ar-
rangemant of chromosomes at metaphase, "ball®™ or clurped
metaphases; diplo- and contracted chromosomes; "sticky",

"] ampbrush" and lagzing chromosomes; "distributed”, %ex-
ploded" or "reductional®™ groupings; "star' or "unipolar"
and muitipoiar spindles§ "pbrecocious reversion®; and micro-
uclel and pycnotic nuclei.

Various groups of workers have attcmpted to explaln the
mechenics of Mc-mitosis™ in terms of physico-chomical relations.
Levan and Cstersren (1943) cemonsirated that there are many
substances which zenerally fall into the sroup of spindle
inhibitors. These substances include mono- and poly-cyclic
hydrocarbons, napthalene acetic acid, nitrogen mustard,

insecticidss, ethylene glycol, many colchicine derivatives,
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and inorzanic salt solutions. This discovery led them to
the princivnle that the activity of many c-mitotic azents 1is
conditioned not so riuch by thelr cl:emicel properties as es-
peclally by thelr physical ones, and this in turn caused
then to propound thelr theory of the narcotic nature of the
c-mitosis., They had noticed that the c-mlitotic activity of
the substances increased at the same time as thelr watcr
solubility decreased. This fact, coupled with the wice
divergence 1n the chemical nature of the c-mitotic substances,
as well as the fact that many of the narcotics tested were
found hichly effective, led them to the opinlon that the
"ec-mitotic elfect misht be regarded as a kind of narcosis.”
In order to explain the above named obscrvations they forrm-
lated the hypothesis, corresponding to the Ileyer-0verton
theory of narcosis, that M™the decisive concentrations are
not the concentrations of the sutbstances in the watzr phase
but in the lipoids of the cell." This assunption exnlailns
the connection betwecen the solubility and c-mitotic activity
which these authors had found to be characteristic of the
substances studlied. IP'urthermore, they susgsested that the
c-mitosls was simply to be conslidercd as a narcosis of
certaln enzymlic functions of the cells. This hypothesis
agrees with the work of Dustin (1947) and his sugzestion
that the various mitotic polsons act as enzyme-inhibitors.
Levan and Ostcrgren also considered the c-tumor zifect as

a narcosis of the srowth contrcl of the cells,
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3y 1944 Osteriren had arrived at a scmewhat modified
theory. Ie laild stress uvpon the view that the c-mitosis
was to be ccnsidsred simply as a narcetlized cell ¢ivision.
The spindle breal:covn characteristic of the c-mitosis he
surposed to be caused by the fibrcous comconents of the
spindle being broucht to assume a nore or less corpuscular
srhape by the rroteln-felding action of the c-mitotic agent,
and thils In turn would lead to the dlsorganization of tkre
spindle.

The observations that some of these chemlcaels, in
addltion to inhibltinz the spindle, hacd otler elfects
startcd some new lines of invectigation and thinlzing,.
Rerger ancd witkus (1943) reported that under the influence
of cclchicine Allium root tips produced an unorianized
spindle substance wlich toock the Form of an achromatic
sphere and about wiich the diplo-chromoccnes gathered at
c-metaphace, They attrivuted the many strance shanes of
the restitution nuclel as being cve te the presence of the
achiromatic srhere. The work of Xodanl with socdium ribose
nucleate and Golinsky wilth phosphates suczested that perhaps
more than a single process was involved in sll the P"ec-mitotic"
agents. Xodani (1948) noted, anong the varicus effects of
sodium nucleate solutions, an inhibition ol chromoscrme re-
duplication and the formatlion of akinetlc frasments.
Galinsky (194¢) found that follcwing his rhosphate treat-

rients the deviations from normality were obscrved during
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prophase in the delay cf nuclszsar membrane "broalkdovn". Iie

pointed out trhat thils effect hacd net been observed aftcr the
use of the c-mitotic ncisons. These substar.ces had bezsn re-
ported to permit mitosls to vroceed normally until netaphase

(Levan 1938) when thelr spocific effect on the spi cle rrecha=

-

nism was manifested. Accordin:ly, he concluded that, "the
unoriented rrometaphase chrorosomes nust tlerefore involve
forces other than those asscciated with the criented stindle
mechanism.® ©D'Amato (1¢4C), after testing a series of
chermlcals, observed that two different elffocts must be dis-
tinsulshed: preprophase Inhibition and an inhibition cof
spincdle formetion flving rise te c-mitosis., I'e was of the
opinion that "the cpindle-inhibiting eflect, manilested in
typical c-niitosis polscns, may te of guite different sort
than that by which preprorhase pclsons incduce the c-mitotic
effect." Bergner (1950) found an arrangement of cliromosomes
in the pcripiheral zone of a hollcw sthere, as they were
arranzed in late prophase before the nuclear rembrane
soleted and internretec this as incdicating thet no s»hindle
wes formed, and theat the chromosomcs were not moved from
thelr prophase positions. This suggested that "the compound
was exerting 1ts full effect telore nitosis began or at
least no latecr than prophacse."

It was first noted by Iuslkins (1248) that some sub-
stances being tested fer c-mitesls not cnly were not pro-

cucing polypleclcy but were capable of prccucing chroicsome
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groupings within the cell that migkt lzad to somatic re-
cuction. Such substances would be put in the categery of
"unrecoverable® and in a scries of papers (Huskins 1947,
1948, huskins and Cheng 1950, and Husklns and Chouinard 1549)
the occurrence and potential significance of these reduvctional
groupings was ciscuscsed. Thils type of effect has been re-
ported after treatments with sccdium nucleate (Iusklns 1948),
colchicine (Allen, . ilscn and Powell 1950) and Acti-dlone
(v.ilson 150 and Iawthorne, unpublishsd thesls 1951). Since
rost of the wverk on plants with c-nnitotic substances has

been cone with the icdea of procucing polyplolds, many
wvorkers have probably ' ssed rcductional groupings and those
who ¢1d note such croupings (Levan 1635, Tarber end Callan
1943, Witkus and DBergcer 1944, Nybom and Knutson 1947, D'Amato
194€ ané Bergner 1950) did not rcalize 1ts implications.

With the publicastion of the worit of Huskins and his
assoclates there becarie apparsnt two mejor points ol view.
These, as expresced by Allen, “ilson and Powell (1950) were:
®(1) that the »echanism involved in the c-nitotic effect is
probably the soue rerardliss of the chernilcal used, and in
any event, 1t is a phencmenon cf little theorstical or nracti-
cal importance, (Levan cnd Lotly 1949) ancd (2) that the
mechanisms ray ve guite diflecrcont and that there are, In any
event, important tlheorctical and practical implications (Ius-
kins 1948). The ceparation of the c-mitotic effects into

two groups was made by Allen, Wilscn end Fowell (1950).
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They listed five rcints of cdifiecrcnce betveen the cflects

of the "mltotic reisons,™ of vihich cclchicine 1s thzs tyve

stbatance, and the "vhysiolo ical substances® of which the

sociwm salt of nucleic acld 1s ths type subatance. These
were (1) arranrcemcnt of chremoscres, (2) types of crcupings,
(3) chremosome cistribution within the grouvpincs, (4)
freouency of reducticnal srcupin-~s, and (5) »rophase to nmcta-
rhase ratics. In 1951 Powell (unpublished thesis) showad
that the niejor point of dl{ference betwezn ths effects of
the colchicine and sodlum nucleate trectments In Pisum was
the time in the nitotlc cycle that the ellects were evident.
Thie nucleates shovwied elfecte at late prophase while colchicine
effects apnearad et retavhase. Zawthorne (1951, unpublished
thesis) in an analyslis of the cytclorical effects of Actli-
dione to be used ac a cuantitative basis for comparison with
other active chemlcals, also found that the c-niltotic effects
renresentcd a goneralized reaction rrcbably the resuvlt of
proprase or intcecrphase effects which prevented "normel"
orcanizatlion rather than destreying structures alrcacy
present.,

It was svggested by wilson, Illawthcrne, and Tsou (1851),
reprortin- cn the cytclesical effects of Lindane and Acti-cione,

2

that there arc two, more or less Indcnendent, ccrncnents of

the forces involvecd in the mitotic mechanisnms "(1l) a dipeclar

nlasmic oricntation poscibly characteristic of the cell

Py

cyto

at any ctace; gnd (2) a nuclear componcnt inherent in and
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directed by the chrormosome or the lkinctochore thercof."

Then metershase organization would be rrimsrily the functicn
cf the cytoplacsmic compenent while anaphase senaratlion would
be the function of the chrcrmosome 1tself, Such an hypothesis
weuld explain the presence of M"split but orcanized Tisures

as the rcsult of a weakness in cytoplasisic oricntationg
multipvolar anaphases wewld represcnt almost complete break-
dowvn of cytoplasmic oricntaticn withcut scrious cisrruption
cf the nuclear compon.nt; and corpletely disorsanized meta-

FI TN

phases and anarihases weuld nclcate the elimlnation of both
cemponents™., Az an exarmplc of the latter, the unpublishcd
work of Iyppio may ve cited. In his preliminary stucdles
with sheort trectments ol Allium with colchicine he has found
a rcaction tymical of the treakdowvn of voth cytoerlasmic and
nuclear cormponents as evidencecd by (1) ananhases coming to

a ctoep and (2) metaphase chromoscrics not reaching a plate

but vegimning cisorzanized separation. After approximately

5 hours of recovory there is evicdence that spindle action

R}

has been rosunisd with the chromosomes cdisorcanized, and the

o]

initiaticn of cytokinesls gilves rice to micronuclcate cells.
-

It has becn the purpose of this series of expzrimaents

with 5 new orcanic substances; €C-1014, Systox, Thlolutin,

jos

Rinmocicdin and P.A.=96; to compare tizelr cytologlcal effects

wi1th those of cclehicine end cthor active c=mitotlc sub-

<

ctences to saln information that will lead to the elucidation

of the forces involved in the mitotic mechanism.
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The orgsanic substances tested iIn this scrics of ex-
periments were obtained thirough the courtesy cf the Tow
Chemical Company of l1dland, liichizan and Chas. Pfizer &
Co., Inc. of Zrcollyn, lew Yorlie UIystox and C-1Cl4 are
both insecticides produced vy Dow Cherical Cozpanye. C=1014
contains four rounds of Gecta-methyl-pyrophosphoranide p2
rallon, and 1s a watcr Gisnersible concentrates The active
ingredient of Zystox is a tri-alkyl-thlophosphate. The anti-
bictics, Thiolutin, Riirccidin and P.A.=-96 were suprlied by
the Pfizcr Corpanye. Althoush they ave shown scre anti-
bacterial rroperties, the main activity of Thiclutin and

Rimocicin has been indicated as antifungal in nature, and
they are bsing employed experinentally In the treatmment of
dernatoohytess P.A.=-96, wiile being cdevoid of activity
azainst bcth bacterial and funsal species, has shovn a pro-
nounced effect against certaln viruses,

All experirents wesre carried ouvut cn a single lot of

Allium cspa sets. According to routine alrcacy established

in this laboratory, the scts were rooted in vials of aerated

lietilled watere. When tih: roots were en_.roximately one to

QJ
bl

twe inches lcng the rcot tizs ware examined an
showed a hizh rate of mitctic activity the scts were

-11-
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transferrcd to vials of the solutlons to ve tosted. In all
caces stocli soluticns were made wlth distillsd water and
kept rofricerated until a series was run, at which ti~e the
solutlion was brought to room terperature befors the roct
tips were transforred. All experiments were conducted at
room tamperature and the cnlcns were kz2nt uvnd:zr nermzl con-

ditions of day end nisht. Aftor trecatuc:nt the rocts vers

Py

washed with, and retivrned to vials of, distilled water and a
checlkz for recovery was nace at rfouvr, twenty-four and forty-
elzhxt hours.

In all cases a nreliminary trlel was run with soluticns
ranging In concentration from 200 to 10,000 parts per million
with root tips collectecd at four, ei-ht and twenty-four hours
to deternine the rost zZromising concentration to be used In
an extended series wirere root tips were collectzd et hourly
intsrvals until a l:zvel of to:xlecity was rcachzd. OSystox was
tested up to a concentrstion of 500,000 parts per million
and a scries run at that concentration. The Pestox series
was run at a concentration of 10,000 parts per nmlllion. The
Thiclutin, Rimoccicin and P2.A.-95 scrics were talen at con-
centrations of 1,000 parts per million.

Root tips were collected in a thiree to one absolute
glcorol-acetic acid mixture, fixed for 15 minutes at 60° C.,
hydrolized in one normcl hydrochloric acid for € to 10 minutes,

stained with Fzul-en's stain and smear proparatlions made.

3

After dehycration in a 957 othyl alcohol to which a little
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fast grecn for countesrstain had besn acded, the slicdes were
made permanent with dicnhans.

At each cutting two root tips were taken and placec cn
separate slices so as to obtain a duplicate series. Dr. G.
B. Wilson counted tre sl .ces from cne ssries whlle the
writer countasd tie clides in the dupliccte z2rizs acs a
check uvpon the ccnesistency of tie data.

Fer countinz, according to a standarcized procecure,
ecach sllde was nlaced on the calibrated mechan’cal stare,
the count was started at a constant, predetecrminasd point

-~

on tha vertical axis and tzls r:za

o,

in~ reccorczd on the data
sheet. Consecutive high powered fields were counted from
edce to edse of the covar £lin and these totals were re-
ccrded on the data chest for each axls., The vertical axis
was Increascd by cne unit each time and the count continued
until a total of apuroximately 100 division fli-ures were ob-
tained from each s£lide. In the slicdzss where the 100 figures
were tetaled in the middle cf the axis, the count was con-
tinued until ths readincs on that axis had bzen ccecrnnleted.
In those caces whners, in the later hcurs of troctuent, the
division fizures were less numerous, it was frequently
necessary to o back over the slide and taire readings at
the one~half unit intcervals.

It was recognlzed tihat, aside frcm the subjsctive
element 1nvolved In the countling of the slides, two factors

mizht influence the counts: (1) the evenness of the
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distribution of the matzrial and (2) wkhether or nct the

H

2]
ct
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most actively cdividing areas of the meri o to have
fallen within the predetermzined arca of the ccuvnt. ilcwever,
since 1t can be acsumed that all aroas of the root tip have
an egual chance of veing cvenly distributed within the pro-
determlined area of the count, 1t is bzlieved that this
teciinique could be uced to ottaln an incdication of troends

and should be Interprcted accordingly.



Controls
llany investlisations ha.e Deen uncdertaken in this
laboratory with control material. In accorcance with the
established nethod In these expcorimsnts two root tips weore
cut from every onion to bLes trsated &t tio zero hLour of
treatment. Irom the combined series of zxperiments 1l con-
trol slices were chosen at random cnd counted to cdetsrmine
the propihase: mnmetarhase: post-metaphase ratio. In Table 1
1t will be secn that this resulted in an averace frequency
of 50.77 prophase figures, 22.4 metanhazse fi-ures and 26.87
post-rietaprase fizurcs. Plate I (fizs. A, B, C) illustrate
normal fi-ures of prophase, rmetaphacze and enaphacse divisions
found in control material.
Insecticides
C-1014
Root tips tested wlth a sclutlon of C-1014 at a con-
cantration of 1000 parts per million showed no cytologlcal
or toxiclty effects after 24 hours of ccntinuvous trsatment.
When tho concentration of the scluvtion was raisec to 5,000
parts per milllion there was cvicdence of a very mild cyto-
lozical effect alter 24 hours of treatment. Prophase and
end metapnasse figures were crranized. etarizace and ananhase

15
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figures showed a riore than normal contraction of the chromo-
somes. The serles run at a concentration of 10,000 parts
per million showed a nlld cytclerlcal efrect at pronhace
after two hours trcatirzent. The effect prosressed as evidenced
by the hourly collcctions. At four hours the majority of
prophases were affected.s As is typlcal with colchicine treat-
nent (Plate I, fig. L), zmetapi.ace ciironosomes were greatly
contracted and were scattered throughout the cell in a dis-
orranized manncer (Plate I, fiz. E). Post-metarhases were un-
affectec. fter six hours of treoatment toxic erffects becane
evident with very "ticht" pronhases (rlate I, iic. D). DIy 12
hours oZf treatizent there were very few clivislons anc these
all showed high toxicity effects (Plate I, fig. F).

Recovery of the cytolosical eiiects of C-1014 were
attexpted alter treztments of three, four, and five hours

with a concentration of 10,000 parts per niillion. There

e

were no recoverable effecte; cdivision stopned cormpletely.

LTourly varigticn in the Irequencies of the indivicdual stages
of mitozls as compared te contrel slices was fcund to be

o

erratic (Teble 2; Text Ilig. 1) and no na jor trend vas ob-

Systox was tected In solution with concentrations of

10,000; 20,000; £0,000; 100,000 and 500,000 parts per million.

~

In all casecs efter si:ort treatiicontes of one hour there was

evidence cf toxiclity without cytoleglcal elffect. 1ltosis

v <
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caric to a ccmplete standstill., Cells in interchasc showed
toxiclty effects with carl: stalning. lletarhase arnd ananhase
fisures were still orzanizced but chiromoscores were grecatly
contractecd and sicwed sizgns ol clumping. Iletarhaoses were
roverting to resting stages. At the hizhest concerntration,
500,000 parts per milliion, there were still many division
filzures in toe raterial but 2ll fisurces showed =i
texicity and reversion.
Antiblotics

Triolutin

Root tips tested with scolutions of Thiolutin et con-
centrations of 100 and 200 parts pzr million chowved no cyto-
leslcal or toxlicity elfects after 24 Lhours of ccentinuous
treatment. fter four hours of treatment with the corncen-
traticn raised to 500 parts per nillion, the roots were still
normel tut at 12 hours showed signs of toxicity without
cytological effect. 1/1th the concentration of Thiolutin at
1,000 parts per million and altcr thiree hours of treatmont
there was evlidonce of a mild cytcloclcal elfect., IZitotle
division figures were still organized but the chromosomes
were rore ccntrzcted than normal, By four hours ol treat-
ment at this concentretion chronoscries wore greatly con-
tracted at rietaphase, in scme caces showing orsanization
(Plate I, fig. G) and iIn a few cases lying scattered through-
cut the cell (Plate I, fig. E). At this tizc anarhace

ficures were still orcanized but were seen only in polar
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view (PFlate I, fiz. I). After eizht hours of treatment
the Ifirst signs of toxicity were becoming arparent and by
twelve hours there were few cdlvisions, wlth the material
at all stages of mitosis skowing toxiclty (Plate I, fig. J).
All attermnts to recover cytolorlcal effects after treat-
ment wlth concentrations of 500 and 1,000 parts per mlllion
after three, four and five hours were unsuccessfuvl.
Bourly variation in the frequencies of the individual stages
of mitosls as cormared to control slides (Table 3, Teﬁt Tice.
showed a declline 1n the nurber of rrcrhase and post-meta-
rhase fisures with a complementary rise in the number of
metaphaces,
Rimocldin
In the s

[

ries testing Rimocidin in sclutions with con-
centrations c¢f 100, 200 and 500 rarts rer rilllion, after 24
hours of continucus trectment, all material showed divisions
to be entirely normel. iith a concentration of 1,000 parts
per million division continued normally until, after 12
hours trectrent, teoxicity was evident. There was no decline
in nunbers cf civision but all stages of mitosis showed
toxicity, with the chromoscomes shortoned anc beginning to
revarte.
Peloe=06

An extenced series was run with solutions of P.A.-06
at concentrations of 100, 500, and 1,000 parts per rillion.

Roct tips were collected in each series at two, three, four,

2)
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five, six, eight, twelve anc thirty-six hours and after
five and one-half days of continuous trecatrment. In all
raterlial examined, there was founcd ncrmal ritotic divicsion
(Plate I, fige. K)o Ilourly variation in the frequencies of
the individual stages of mlitosis as comrared to control
material shows a decline 1In the numbosr of rrorshacses with an
increace in the numbecr of metephases and poste-rietaphases
(Table 4, Text fig. 3). A count ol the nuiber of civisions
per 1,000 cells (Table 5) showed no increase or decrcese

from that of control material.



TABLE 1

PERCENTAGES OF TCTAL TIVISICH FICUZES €
INTIVIDUAL STAGZES I CCRTECL IATIRIAL
Prcphase lletaphase Post-lieta.
Slice No. & lio. 9 No. & Total
1 53 53 18 18 29 29 100
2 45 45 26 26 29 29 100
3 40 40 29 29 31 31 100
4 45 45 34 34 21 21 100
5 52 52 19 19 29 29 100
6 41 41 25 25 34 34 100
7 66 66 17 17 17 17 100
8 46 46 27 27 27 27 100
9 118 59 33 16,5 49 24,5 200
10 €6 66 20 20 14 14 100
11 45 45 15 15 40 40 100
Total 1200
Average % 5047 22.4 26,9
Standard Error *+ 2.815 * 1,835

=20

+ 2,25
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DISCUSSICH

As 1t was the purpose of this investization to compere
the cytolo:sical effects of the two insecticides and thres
antibliotlics wlith those of colchlcine and other active c-
rmitotic substances, In the eixamlnation of results the
occurrence of five things was looked for:

(1) spindle abnormolities and c-mitosis,

(2) change in the relative nunbers of »rophase,

metaphase and noct-metaphase figures,

(3) over-contraction of the chromcscres,

(4) an increase in the pcrcentass ol recductional

sroupings, and,

(5) necrosis.

Spincle Abnornzlities and C-llitosis

Lvdford (1936) filrst suczcested that the polyploidizing
acticn of colchicine was caused Dy 1ts specific eflect upon
the splndle mechaniem of tiic cividéing cell, With the dis-
ruption of the spindle the chrorosonmes, at metanhase, were
left lying scattered throushout the cell. At anaphase th
chrematids separated, and then, with rcmoval from the in-
fluence of colchicine, the spindle vecane reactlvated and
the then polyploid cells were able to continue a ncrmal
division. The term "c-mitosis"™, as first used by Levan
(1943), referred to the typical effects of colchicine uvpon

-“8 -
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the mitotic mechianism and 1rplicd the solyplolid result.

Since that time, and as used in this instance, "c-mitosis"
has come to mean the two outstanding cytolc-ical eflects

of colchicline treatment, 1.e., spincle disruption and a
delayed s»nlitting of the kinetochores of the ovesr-contracted
chromosomes causing x-shaped flgures scattered at random
throughout the cell., Following the discovery of colchicine
as a polypleidizing agent much work was cdone in the follcwing

)

vears with other orsanic substances by various groups searching
for polynloidizing azentse Thie quallities to be looked for

in such substances are:s (1) a disrupting effect upon

spindle forration as evicdenced by disorsanized "scattered”
chrormosomes, and {(2) a cytolcsical threshold separate from

the toxicity threshold with resurption of normal activity

pon remeval from the influence of the substance.

PeAe=95 had no effect vpon the spindle mschanism. All
Civision fizures apneared normal and orjanized. Rimocidin
and Systox showed neilther evidonce of spindle disruption
or other c-mitosis effects. In both cases divisions showing
any eifects of trcatment represented toxicity effects.
Trioclutin, at treatment of 1,000 parts per million for three
hours, began to show sisns of c-mitotic effect with thc over-
contraction of the chromosomes. After four hours of treat-
ment there were a few divisions at metaphase showing the

typlcal c-mitotic effect with disrupted snincle mechanlsm

and scatterec x-shaped chromoscmes. Iowevar, in the majority
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of the mctaphase divisions the fiures were orzanized,
showing no si-ns of spinclz abnormality. IFurther treatment
producec toxlcity effects. It can therefore b2z concluded
that Thiolutin is toxxle at any concentraticn thet is capable
f Inducing mitotlic abnecrmealities, At a concentration of
10,000 parts per million C-1014 beran to show sisns of c-

mitosis after three hcurs of trecatirent.e Aftzr four hours

Y

of trcatment metaphases checwed compls te snindle dlisrvotion
and the chromoscmes were over-contracted. Tnls was considered
to be of particular importance sirnce, potentially, suvch
Tigures may lead to a polyploid condltione. After six hours
treatment toxicity was evicdent. As all att-mpts to rscover
from the c-mitotic effects were unsvccessfuvl 1t rwust te con-
cluded that C-1014, like Thilolutin, is toxic at concesntrations
capable of incducin_ mltotlc clhianges.
Chanze in the Relatlve liumbers of Prcphase,
liztaphase and Fost-lletashase Ilgures

Previous experiments have sheown that one of thz mcst
reacily cCetectable effeccts of any substance on mitosls is a
more or less marlied change In the relative freguencles of
prophase, metaphase and pest-metarhase flsures. A detalled
anaelysis of these cranges was made from matcrial treated with
C-1014, Thiclutin and P.A.-96 (Text fics. 1, 2, 3). As can

be secn from the zraphs, the only consistent or si-nificant

tl
tresnds in the cata was obtain with Thiolutin. C-1014

shows only an erratlic incrcase and decrcase for all stascse.
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It nay be noted that with P.L.=-C6, corntrary to the usuel
trend, there wculd anrear to e an increase in the number
cf post-metaphase fisuvres 1n comblination witly a rise in the

nuniber of meterlases and with a decrease in prorrhaces.

35

Thiolvtin, howevoer, showed a definite increase in the number
ol metapl:ase figures while there was a decrease in the
relatlive numocr of oropiace and vest-retarrase fisures.

Svch a cregnre wes found in the extcnzlive study of Acti-
dione (I’awthorne, unpubllished thesis) at the lowest, cyto-
lcolcally effective concentration used in centinuous treat-
rrente wilth so many variables involved in rclaticn to the
frecuvenecy chanses; e.g. such facters as thc abecliuvte fre-
quency of clvision figures, the rates wlth which one stag
proceeds to the ncxt and thes desrec of mitotic dicruption;
1t is C¢ifficult to draw any cefinite conclusions from the
data, especially in tho absence of any othser effects from
the treatnment. Icwever, 1t may be sugrested that Thiolutin
had an efiect uvpon préphase which i1s of a stalling nature
and which preventec onset of prcerhase and, in cembination with
that, had a cstalling effect uvpon metaphase which prevented
that ctage from progressing to poste-metarhase. This would
sccount for thc rise in rcletive numbers of retarhase divi-
sion figures In combinaticen with a decreace iIn the nuribers
of prrorhase anc r~est-metanhiase figures, and right be cor-
related with the cver-contracticn of the clirciiosomes at neta-

rhace as found with this concexntration and time of trsatuent.
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Gver-Contraction of Chromosomes
There was no evidence of cver-contraction of chromo-
scmes 1n material treated with P.A.-96, Rimocicéin and

2}

Systox. LJith Thiolutin, at a coancentraticn of 1,000 parts
per million and aftsr three hours of tresatment, metanhases
bezan to show simns of cver-contracticn and after four hours

-

were "suger-contracted". As was suzgested above, this may
be correlatecd with the incrcase in relative nurber of meta-
rhases. (-1014, at a ccncentration of 5,000 narts par
million, showed sisns of over-contrazctlon after & treatment
of 24 hours. Vnasn the conceniration was increased to 10,000

varts per nillion, the over-ccntracticn of the ciwrcriosones

metarhase appeared arltecr four hours of trecatment. As

©
ct

over-contraction ol the chromcsomes 1s usually corrslated
with prolongatlon of the entire mlitotic cdivision, or with
prolongation of cne stagce of division, anc since there weas
no indication of a s=lcowinz cown of rrophase, metavkhase or
post-metaphace as evldenced In the chonges in the reclative
nurbers of thiese stages, it may be suggested that €C-1014 has
a general effect of prolongavion of the process of mitosis,
Reducticnal Divisions
The coccurrence and sirnificance of recuctional croupinzs

has been discusced by the group at Visconsin (Ilusl:iins 1947,
1945, Wilscn and Ciong 1949, Tuskins end Cheng 1950, and
Ivzkins end Chouinard 1949). wilcon (1950) reported that a

-

variety of substances, unreleted to those previoucly teested
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by the Wisconsin groun, were capable of increcasling the nuibers
of such recuctlonal divisions. Jince the recductional group-
ings, as rcferred to by thes above authors, have provably
been missed 1n many cases due to the fact that only the poly-
ploldizing activity of the suobstances was beins tested, a
careful check was made on all matcorial trcated with C-1014,
Systox, Thlolutin, Rimocidin and P.A.-95. In no case was
there found an 1lncidence of rzductional zroupings which
exceeded that found in untreated nateriale From this it may
e concluded that trhese orzanic substances had no effcet on
the cccurrence of recuctional groupnings at the degree of
concentration and length of trzatment employed in these ex-
periments,
liecrosis

Necrosis, in thls study, rcfers to the cendition of
the nucleus vwlien the rprophase chromosomes continue to pro-
ceed thrcugh thelr regular morshclesical changes wihille the
nuclear menbrane seers to have been retarded in its activ-

1ty; and then, having appeared to contract the membrane,
has dravwvn the contants of the nucleus into a tisht ball.
Such an effect 1s evidence of toxicity and may arise from
a stalling effect of the substance on division or from re-
version of the chrcmosomes to intcrohase. P.A.=-96 showed
no sizns of toxicity or necrosis. Systox and Rimocidin

showed only effects of necrosls at any level cepable of

inducing clhanges from the normal. 1ecrosis was obscrved



in roots treated with C-1014, with ti~ht prophases, alter
six hours of treatment with a concentration of 10,000 parts
per ri1llicn, and aftzr trecatment of 12 houvrs ell divicsicns
showec nacrcsics with evidence of ti~ht prorhases and meta-
phases the chromosames of which were r:svcrting to Inter-

hase, Similer effects of necrosis were seen in naterial

t3

treated with Thioluvtin alter & hours of trecatment
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7.

STITIARY

The cytolorical effects of two insscticices, C-1014 end
Syctox, and of threc entiblotics, Rinceldin, Thiolutin
and P.L.-92€, were presentcd and ciscussed.

Stucdies were nace of continuous e:posures up to 12 hcurs
at coacentrations ranging from 1,000 to 500,000 parts
por million for C-10l4 and Iystox anc¢ from 200 to 1,000
parts per nilllion for ZHirocidin, Thiolutin and P.A.-C6.
The occurrence ol five thinss was loolied for: (1)
spindle abnecrmelities and c-ultosis, (2) change in the
relztive nuibers of rropheace, re taphase and post-ricta-
phase ligures, (3) over-contraction of the chremosones,
(4) an increase in the perccentace of reductioncl
grotvplincs, and (5) nccrosis.

The only cytclezical effects of Systox and Zimocidin

were obssrved to ve toxic.

PeAe=96 was found to have no evicent cytclc~iceal effects.

The cytological effects of €-1014 end Thiolutin were

found to be an over-ccntraction ol the chromescmes at
nietaphase after some treatments., C€-1014 cshowed sipns
of unrscoveratle c-nitosis.

the

A susgesticn of correlation between an increcase in
frequency of rietaphase Ilisures and over-contraction of
chromoscrics was cdlscucced with regard to Thiolutin.

=35=



(1)

fan]

(2)

(3)

(4)

(5)

(6)

(7)

LITSRATURE CITED

Allen, . S., G. B. iilson and 3. Powell (1250)
"Conparative Zllects of Colchicine and Socdium Iucleate
on Somatic Chrermcsconies of Alliwm and Tracdescantial.

Jour. c¢f Iieracd. ﬁl=159‘165'

Barber, II. I« and II. G. Callan (1943)

"The Zffects of Cold and Cclchicine on i'itosls in the
Trewt",

Proce. Re Scce. DOt. 131:25C=-271.

Berger, Ce Ao, and &. Re Witlus (1943)

"A Cytolcrical Study of C-itosis in the Pelysomatic
Plant Cpinacia Oleracsza, with Jomporetive Qbservatlons
cn Allluu Ccpa'.

Zull. Torrey Sot. 70:457-466,

™ ~

Eercar, Ce Aey, Ze Re witlius and . J. Sullivan (1944)
"The Cytolorical Effects of Dunzene Vapor".
Bull. Torrey Lot. 71:€20-623.

Bergrler, A. Do (1950)

"s5tudies on Lolckicine Ierivatives IITI Effect on
litotic Activity of ouse lpermatcsonia™.

Cancer §;154-141.

Caristolf, I, and 1. A. lrristeff (194C)

i‘eciosis In the lomotic Tissue Responsibtle for the
Fecuctlion ol Chromcscme wiver in the Prozeny of
Eicroclum Nopreanum Schult”,

Gen. 33:56-42.

D'anzto, . (1948)
"The Iffect of Colchicine and Ithylens Clycol on
Sticky Chromcsomes in fllium Cepal.

Eereditas gé:81-103.




(¢) ©Dr'Amato, F. (1:30)
"Phe Chromosome Dreakin~s Activity of Chemicals as
Studied by the Allium Cepa Test',.
Publ. Stazione Zoo. ¢l :lapoll. Vol. 22 Supp.

(2) ixon, . Z. (1905)
A lanuesl of Pharmacolo~y. London.

(10) Dustin, 2. (1947)
"Some ilew Aspects of :itotic Poisoninz"
iature 150:794-797,

(11) Galinsky, I. (1949)
"The Effcct of Certain Phosphates on ‘itosis
Allium Roots".
Jour. of I'erccd. 40:2C9-295,.

e
o]

(12) Ilawthorne, . IZ. and G. 3. Silson (1952)
"Cytolorical zffects of the Antibiotic Acti-dione”
In prass.

(15) I{us;‘.{ins, Ce. L. (1934:)
pAnomalous 3ezrzacation of a Trinloid Temato"
Jour. of Eercd. 25:2€1-2C4,

(14) EHuskins, C. L. (1943)
Chromoscne Jultiplication and Recduction in Comatic
Tissues",
Neture 161:80-£3.

(15) Euskins, C. L. (1242)
"Serrzcation and Reduction in Lomatlic Tissues.
I. Initial Obscrvations on 21l1liuvm Cepa®,
Jour. ol ilered. 39:311-3C5.

(15) 1Iuskins, C. L. (1949)
"mhe livclzsus iIn Levslormment and Differcntiation and
the omerlmental Induction of '!lelosis'®,
Ileredlitas Suppl. Vol.



(17)

(19)

(21)

~35-

Fuskins, C. L. and K. C. Cucng (105
serresation and Licduction in Soma
IVe. Reductional Growpinss Induced

by Low Termeratuvres”,

Jour. Ilzrsde. 51:13-1C.

0)
ti
1

c Tissues,
n £1l1liuvum Ccra

Itszins, C. L. and L. Crouvinard (1950)
MZomatlice Reduction: Iiplcid and Trinlcid Roots and
2 ITinloicd Lhoet irom a Tctranlold Cheo'.

\

Ilodant, I. (194%)
"oclum Llbose Nucleate and litosis",
Jour. of Iored. 39:327-335,

Leven, A. (1932)
"The =ffect of Colcricine on Root itosis in Al1ium",
Bereditas g§:471-486.

Lcvan, Al (193
trae Lifect

s
Eorcditas 253

2)
of Colclhicine on Root :itosis in Alliuvm®,
g87-C6.

Levan, A. (1945)
"Cytcloslcal leactlons Induced by Incrranic Szlt
Solutions™,
liature 156:7C1-752.

SO

Levan, A. and 7. notfy (1840
"apthelene Acetic icid in the 21llium Test".
Ierccditas 35:3357-374.

Levan, A. and G. Cstsroren (1843)
"The llochanism of C-l"itotiec Acticn. CLscesrvaticns
on the Iapthalene ferlzsc™,
TersGltas 29:379-443.

Lovine, 7. (1%45)

trhe Zflfect of Cclchicine and X-lays on Cnion 2oct Tips.”

Cancer Recearch 5:107-119.



(26)

(27)

(34)

-39-

Loveless, A. anéd S. Revsll (1919)
hlew vlidence on the cde of Action of '"itotic
Polsons'™.
ature 164 8-044,

Ludfcrd, R. J. (1636)
"ohe Actlon ol Toxic Substances TUpon ths Tiviclon of
Licrmal and l'alicnant Cells in Vivo and in Vitro".
Lrchiv, fur Zmerimentelle Zell for schung 1C:411-441.

liebel, B. 2. (1S37)
Cytclorsical Observaticns on Ceolchilcine”.
iol. Evll.e 73:351-302.

lebel, D. R. and ile L. Dottle (1938)
fretion of Ccle:icine on Zittosis".
Genetics Z23:1061-162.

Lebel, B. Re and s L. auttle (193C)
"The Cytclc-ical anc Genetical Jigzgnlficance of
Colchicine”
Jour. of Ilersc. 29:2-9,

Liyvon, . and Z. Enutsson (1047)
*Investigations on C-iiltosis In Allium Cena. I. The
Cytoloc;ical .uffect of Hexachlorocy ‘clcnexane”
lieradity 33:220-254.

roren, Go (1944)
"Colculcine i‘itosis, Ciarcmosone Contraction, Ilccrosls
aiG Prctein Chain Folcing®.

lercaitas 30:429-4G7.

Ostersren, G. (1944)
ical for the Incucticn ol Iticky

Pan ufficient Crem
Cb rC.ALO =] vu“e S "
Fercuitas uO.olS-316.

Cctergren, J. and A. Levan (1943)
"7he connectlon Detwecn C-.itctic Actlvity ancd Jatar
Solubility in comn2 llcnocyclic Compounds®
erzcitas 29 430-‘.:UUo



-40-

(55) Patton, R. L. 22C¢ B. R
"EFrelininary CGbs.rvat
lo~icel 3Iff:zcts cf Ce
Tissues®,

Am. Jour. cof Zct. £7:608-613.

Tevel (1940)
cns cn Fhiyslolerical anc Syto-
"l’
v

L
1
rtaein Iycérocarvons in Plant

(36) Petarc, Joseph J. (1946)
fgytolcrical sffects of Zulfanilamide on Alliwm Cepna'.
Dot. Gaze. V.Olo 2'7, 0. Dc

(37) Powell, chirley (19351)
"Commarative affzcts of (clchlcine and Various lluclelc
Acid Jalts upon .oomatic Iitosls',
Unhrub. Thiesis for Dezree of [1.S. at !“ich. State Coll.

(3¢) Shimanura, T. (1939)
"Cytolo:ical Studles of Pclynloldy Induced by Colchicine™.
Cytolc:;ia 9:406-4294.

(39) Steinesrer, Z. and A. Levan (1542)
"The C-iltotic Jualities of Colchicilne, Trimethyl
Colchicinic Acid and Two Ihenanti:rene Derivatives'.

(40) Vaarsma, A. (1947)
"Zxperimental Studles on the Influence of D.D.T.
Insecticide Upon Flant litosis"
llereditas 33:191-219.

(41) Waca, 3. (1549)
"iurther Studles on the Iffsct of Zolchicine uwnon
the Iitosis of the Stasen Ialr in Tradescantial,
Cytolo;ia 15:82-95.

(42) iilson, G. B. (1950)
"Cytcloslcal Affects of Jome Antibiotics'.
Jour. Tercd. 41:226-231.

(43) W%ilson, G. 2. and C. C. LCcwen (1C51)
"Cytclosical Zffects of Some ilcre Antibiotics™”
Jour. of liered. 42:251-256,



41—

(44) viilson, %. 3. and Z. C. Clhens (1949)
"Seszresaeticn and Heducticn in Lcomatle Tisnues.
IT. The S-rvaration eof IHomolorous Crromoscrics in
Trillium &Specissh,
Jour. ol Ilered. 40:2-6.

(45) ilson, Ge. 2., . 3. Zavthcrne and Te izy Tsou (10851)
"Snontancecus and Induced Varictions in 'itosis™,

Inc
Jour. of iicred. 42:1:3-129,



ACITIOVT ACIITTS

The writer wishes to extcnd Lhor profcuncd gratitude

KN

to r. G. B. 7llcon, whose intere

&)

t end encciracement,

. -

helpful dliescussicn, acvice and criticloenm havs made

ct

T
io

’,.Jo

worii poscible. Ilis criticel readins of the manuscript
and count c¢f one ol the tvo sorles of slices is ceeply
epprcclated.

Tne writcr also wlsl:es to expross her thanlis to

r. fhilip G. Coleman fcr his photomlcrosranhy and suz-

gestions for final preparation of sraphs,

40 -



L

g
oy

I.

- | - e B n 4 [ T
orri2l nrerhase Irern control ncterial.

ernal metaniiase lrem contrel matoriel.,

~

Jormal snanhace Irom control moterial.

Ovcr-contracted, scatter

eftzr four ncurs trooticsn "’Lh C-lOlu at a co“centvaulon
of 10,000 parts per xillion.

Coxicity o fzcts frem triatint with C-1C14 a2t a con-
ceatration ol 12,000 narts per :zillion alter 12 hceours.

Urenized, overe=conoractzd clhirciiczomes at :mztanhase
al'ter Zour hcvrs trzalmznt with Thiclutin ot a cen-
contraticen of 1,000 narts por million.

Scettzred, over-contracted chrcmoscmcs at matarnhase
after four hovrs trzatmont with Thiclutin at a ccn-
ceniration of 1,000 narts per »illion.

Polar view of anathase alter four heurs trzatient with
hiolutin at a conceutration ol 1,000 parts zer mlllion.
Tozicit? elflzcts after ei-nt hours of troatment with

~tration of 1,000 rarts p2r million.

Cbct‘

Thlolutin ot a cone

lletaphase and anc-hagss frem material treatzdé 12 hours
with P.A.=-C6 at a coacentration of 1,000 parts per

rzillion.

al c=mitosis frcm matsrlcol treatad 15 minutes
colcinicine at a ccncentration of 1,000 parts per
C 2

2 Fal - -
& Zor S hours




ROOM USE ONLY,




e e A R



[ 4

o

-

>

e

w

[ 4

w

>

z

2

w

-

g
r ===

i




