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otella rlarilie wlilson

The Pisum test was used to determine the cytological
effects of terramycin-HCl. The root tips of young seedlings

of Pisum sativum were treated for eight hours with concen-

trations of 10 ppm. to 200 pm.; and for short term treatments
of 15 minutes with 100and 200 p.m. and for 30 minutcc vith 600
and 800 ppm. followed by a recovery period in nutrient solu-
tion. A quarter-strength modified Hoagland solution was

used as solvent. Cuttings were made at the beginning of

each run and at spaced intervals thereafter. Slides were

made using the Feulgen squash technique and were microscopi-
cally examined and scored.

It was observed that the mitotic index decreased with
increase in time and concentration. Early prophases disap-
peared. Late prophase showed an increase in proportion to
total mitotic cells and was characterized by contracted
figures and reversions. Post prophases were the least ef-
fected. Abnormalities were of the "spread" and "scattered"
typese.

It was concluded that: 1) terramycin-HCl has an inhibi-
tory effect on "antephase"; 2) interferes with center and
kinetochore movement in prophases; 3) may have a slight des-
tructive effect on the spindle; li) prevents cells in mitosis
at the time of treatment frcm dividing asgain. No mutagenic

action was indicated for this antibiotic.

331291
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Terramycin-~HC1l differs from colchicine in respect to
cytological effects: 1) the former inhibits "antephase,"
whereas, the latter stimulates "antephase"; 2) the former
does not have much effect on post prophase, whereas, the
latter does; .3) the former inhiblits effected mitotic cells
from dividing again, whereas, the latter does not.

The cytological effects of terramycin-HC1l does not
differ from those of other antibiotics studied thus far.
There 1s some indication of a correlation between cytological

erfects ara antibiotic action of the antibiotics.
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"He rinery purpose of tlie rescarcihi I'or toic thesis
veo Lo deeermin tic wootialbotic z2ffecls cu Ueorrwalclin. A

preliminary investigation of the effects -. ULhils antibiotic

was made by G. L. wilson and C. C. Lowen (1°71;, .1+

)

the

Allium cepa test, Al Chat time, iu was determined that the

general mode of effect was the same as of aurecnjcin, acti-
diciie and streptomycin, but a detailed analysis was not
made.

Terramycin wac introduced &s an antibiotic in 1950,

It is produced by Streptomyces rimosus. The structural

formula of terramycin is as follows (from Peterson and

Strong, 1953):

H_
\\\Cf// \\\(://"§§§(:// \\\(}//
| Il | o
3 0 3 @)

Terranycin - C22H2qN209
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Pure terramycin is hi_hly insoluble and is ampheoteric
in form. However, the sodium &nd hydrochloride =alts of
terramycin are rcadily soluble, The dry hycdrochiloride salt
is very stable and shows no loss of activity after prolonged
storage at 25°C.

Terramycin and its sazlts have a broad antimicrobizal
spectrum and are effectlve ajainst aerobic and anseroblc,
Gram=-positive and Gram-negative bacteria and certain ol the
rickettslae., They have been found to be & very effective
treatment of some virus disesases, rneumcr.iia, and certain
vencreal diseasecs; ena have shown some prerise of tuberculo=-
static activity.

Terramycin is reedily ebsorbed by the blood stream
following oral or paranterisl acdministration. Complete
e€limination in the urine is realized within one to two days,
depending upon the quantity administered. It 1s very simi-
lar to avreomycin in this recpect. Terramycin and its
salts have been generally accepted as being a highly effec-
tive chemotherapeutic agent, with very little toxic effect.

In addition to its medical uses, terramycin (mainly the
hydrochloride salt) has been used in treatment of animals
and plants. The addition of terramycin - HCl along with

Vitamin B,, to the diets of turkey poults, chicks, hogs

12
8na other domestic animals has had favorable growth stlmu-

19i:ing effects. It has also been found to decrease effectively

the intestinal microflora of hogs, calves and turkeys,
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L. G, Nickell (1953) has found that treatment of
seeds cof cucwrber, ccrn ana narrow-lesved ccrrel, vit's ccli-
centrations below 25 ppm. added to the soil, increases
germination percentase and growth rate. In contrast to trece
results there 1s a report from Italy by D. Della Bella and

C. Gabellini (1951), of reduced root growth of Lupinus albus

when treated with 10 ppm. in aqueous solution. Also, from
Brazil by M. Nateus Ventura (1952) comes a report of mark-
edly inhibited growth of roots of Zea mays. However, in
this case the higher concentrations of 50 to 1500 ppm.
were used,

Viewlng the wide scope and use of terramycin, it seemed
warrented to make a more complete analysis of the cytologiceal

effects using the Pisum test. (C. C. Bowen and G. B. Wilson,

1951).
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LITERATULE iV [l

Ti.e first report of cytological ellects of aniliviotics
was made by G. B. Wilson (1950). The antiblotics Penicillin
G, Streptonycin, Heoaycin, Circulin, IEndomycin, Actidione and
Streptothrlicin were investigated using ti.e Alllum test, Peni-
cillin G and kndomycin showed very little measurable effects;
Neomycin and Circulln stiowed few mitotic deviations, but were
highly toxlc; the others showed "C-mitotic" effects at the
toxic level. In all cases, some "reductional groupings" were
found., In 1951, Wilson and Bowen reported on the cytological
effects of Aureomycin, Terramycin, Streptomycin and Chloro-
mycetin on Allium root tips. All were capable of inducing
mitotic aberrations of the "C-mitotic" type. Cytological
and toxicity thresholds were close and recovery wss not re-
alized, with the exception of Chloromycetin, in which recovered
rells were normal.

Levan and Tjio reported on Penicillin in 1951, in which
thev used the Allium test and concentrations ranging from
O:. 1 to 20 MIU (million snternational units). The stronger
concentrations of 10 to 20 MIU induced lethality. "C=-tumour"
was produced by concentrations of 0.  to 1 MIU, and "C-mitosis"
by 2 to 5 MIU. In addition, a low and erratic freqrency of

red. rimetic effects (pseuwdo-chiasmata, attached and free
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fragments, and stickiness) was rejorted. From Lhese results,
they concluded that Penicillin had some, but very weak,
mutagenic activity.

Hawthorne and Wilson (1352) reported on & further in-
vestigation of Actidione. Lffects were: a decrease in
mitotic activity correlated with time; fluctuation in th
relative frequencies of stages correlated with time and con-
centration; toxicity at concentrations procducing "C-mitosis";
and general effects of contraction, "split" figures, and
sticklness. Tanaka and Satd (1952), resorted an investige-

tion of the effects of Streptomycin as observed on Tradescantia

paludosa, using the concentrations of 25 pom. to 1000 ppm,
Effects reportea were: contraction, "C-mitosis", stickiness,
fragmentation of the bridge and fraement type, micro-nuclel,
faint-staining prophase chromosomes, and clotting at the
sub-lethal range. They concluded that the action of Strep-
tomycin was muteagenic.

Bowen and Wilson (lQSh) reported a further investigation
on the cytological effectsof Actidione, Streptomycin and
Chloromycetin, using the Pisum test. Actidione was determined
to fulfill the D'Amato requirements of a "prophase poison."
Scattered metaphases were not considered to be "C-mitotic"
and the term "akinetlic mitosis" was proposed to describe
them. Streptomycin was simllar in effect to Actidione, wlth

very little margin between cytological and toxic concentrations,



Chloroucetlin wui tiie least toxlic, exiilulting preoropnsse
inhibition of uwiltosls at sutlcetizl levels,

In recent years, there has been some controversy on the
terminology used to describe cvtological effects., "C-mitosis"
was the term used by Levan (1G2{) to describe the modification
of the mitotic cycle by colchicine, 1In ils striclect sense,
"C-mitosis" includes spindle suppression, end & delay in
kinetochore cleavage. "C-mitotlc" substances are poly-
ploidizing egents, by definition. Since Levan introduced tlie
term, it has been used to describe the effects of many other
substances, all of wnich are not necessarily polyploidosenic,
although they may cause spindle suppression, chromosome scat-
tering and other effects associated with colchicine. D'ameto
(1946, 19L,9) has shown that toth proohase and preprophase
poisons may exhibit effects which resemble "C-mitosis."
D'Amato and Avanzi (1949a) stated that true "C-mitotic" sub-
stances are those which ¢do not interfere with thle entry of
interphases into prophease. Substances which ceuse prophase
polsoning, prevent the entry of cells into mitosis (D'Amato
and Avanzi, 19L9 ). It has teen recently siown by lyypio
(1954 ) that colchicine, in addition to causing polyploicdy by
suppressing spindle formation, also &aftects interphase nuclei
at the stege called antephase (Bullough, 1G52) and causes
the appearance of scattered figures through the failure of

an organlized movement of prophase chromosomes to tne



prometaphase clump. lie poinved out that, although »nolynloldy

and scettering or chromosomes may be found ab the se

their origin is quite difierent and tnet scecttering leads

to the formetion of micro-nucleate cells and not nolyploid
i JPb

cells.



NMATEZRIALS AND L._TIODS
A. Experimnental Procedure

The source of meristematic material for the experi-
ments conducted was the root tips of germinated Pisum
sativum var. Alaska seedlings. The seeds were furnished by
the Ferry-Morse Seed Company from their 1952 and 1953
stocks. This strain has proven to give a fairly uniform
mitotic index and "normal" mitoses, rencdering it favorable
for mitotic studies,

The seeds were placed in distilled water for a soaking
period of six hours to hasten germination. The sosasked seeds
were then placed in paper towelling, moistened with distilled
water for 60 - 72 hours for a germination and growth period.
At the end of this time, seedlings with roots of approxi-
mately three to four centimeters iIn length were selected for
treatment. This operation and &ll subsequent procedures were
carried out at room temperature (sbout 24° C.).

The root tips were suspended iIn an aqueous solution
for treatment. This was accomplished by the use of 250 ml.
beakers as contalners. Support was given by one-fourth inch

mesh metal grids which had been coated with paraffin,
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The solvent usecd wes & mocified lioz;land solution as
develoved by Huskins and Ltienitz (19,8). The comnosltion
of one liter of full strength scolution is:

.095 gm. Ca(No3) . uﬂ2o
129 gm. NHMNO3
180 gm. N SOQ « TH.O

2

134 gm. KHZPOu

.007 gm. K2HPOM . 3H20
A quarter-strength nutrient solution was made up for use

at the beginning of each run from stock solutions of the
individual salts which were kept under refrigeration.

The terramycin used in these experiments was the IHCl
salt donated by the Charles Pflzer end Company, Incorporated,
and bore the control number WRBW527528. A solution was pre-
pared at the beginning of each experiment. A solution of
strong concentration wes made and then diluted to the desired
concentration in parts per million. Refrigereted stock solu-
tions were not used due to the formation of & brown preci-
Pltate of terramycin which formed by hydrolysis of the salt,
in solutions which were kept more then L8 hours.

At the time of treatment the 250 ml. beakers were filled
wWithh 220 ml. of the required solution. This included the con-
céntration of terramycin - HCl to be tested dissolved in
QUarter-strength nutrient. Fifty to sixty seedlings could

be Suspended on the grids of each vessel for immerslon.
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buring the treatment perlod egeration aad e itation was
sunpplied by air bubbled through gless tubes with smsall
openings. The air supply was from the laboratory outlet,
and was passed through a churcoal filter to remove eny for-
eign materiel,

Four root-tips were collected at the beginning of each
experiment and were used &as zero hour controls. All subse-
quent cuttings included four root-tips from each test vessel
and control accorcding to times required by the mode of treat-
ment ,

The root-tips were placed in three parts 10C percent
ethanol to one part glaclal acetlc acid after each collection
for fixation under vacuum for one to two hours. A hydrolysis
period of nine minutes in 1l HC1l at 60°C followed fixation,
The Feulgen reaction was used for staining and slides were
made by the squash technique. The slides were then micro-
scopically checked before belng iﬁmersed in 95 percent ethanol
for 12 to 2l hours for dehydration. A small amount of fast
green had been added to the ethanol as a counterstain. The

slides were made permanent with Diaphane.
B. Treatment

The experiments were planned with the goal of reaching
& do&sage threshold at which effects and aberrstions could

be Studied. The first triasl runs were set up using continuous
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treatments in aqueous media. Fifty opm., 100 pom., and 200

»pm. concentration of terramycin * HC1l was used with collec-
tions at zero, one, two, four, six, sad eigcht hours. At the
end of treatment, the roots were thoroughly weshed &«nd placed
In moist paper toweling for recovery.

Upon examination of the slides, it was ascertained
that these dosages soon recuced the mitotic index to a point
where 1t was dirficult to study aberrations. Therefore,
another run using the lower concentrations of 25 ppm., and
10 ppm, was set up according to the same schedule as before.
At these concentrstions a decrease in mitotic index was not
realized, but there was a scarcity of affected figures.

To try to overcome these difficulties, it was decided
to use short term treatments, followed by a recovery period
in quarter-strength nutrient. One hundred ppm. and 200 ppm.

concentrations were used, with treatment for 15 minutes.

The roots were then thoroughly wsasshed and transferred to

quarter-strength nutrient. Collections were made at zero

houxr (control), 15 minutes treatment; one-quarter, one-half,
one, two, three, four, five and six hours recovery. Fol-
low ing this method of treatment, there were few aberrations

and recovery was realized within a few hours,

It was then decided to use the higher concentrations of
00 and 800 ppm. anéd increase the treatment neriod to 30

minutes, Collections were made after zero, fifteen and
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thirty minutes treatment. The roots werc thorou nhlyv weslted

and trenslerred to quartcr-strength autrient for recovery,

with collections at one-guarter, one-half, one, two, three,

four, five, silx, seven and eijht hours.

C. Cytological Examinection

The slides were microscopically examined using a 90 X

0il immersion objective and 12.5 X oculars. Lightins was

supplied by a ribbon filament lemp, using a type B green

filter and & type E orange filter between the light and

microscope mirror.
Quantitative enalysis were made by examinations 50

units spart on the horizontal scale. At least three planes

were checked, One thousand cells were counted to determine

the mitotic index. All mitotic cells were classified ac-

cording to phase and type of aberration until a total of

one hundred was reeched., Any abnormelities seen 1In resting

nuclel were also noted.
Data taken from examination of the slides, was kept on

ScCore sheets. These were used as a basis for a quantitative

analysis of mitotic effects.
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A., Clacsification of Aberrations

Prophase

To facilitate analysis prophase was divided into four
categories: early, mid, and late prophase; and pro-metaphase.
A plate of photomicrographs of the main types of abnormal-
ities 1s included at the end of this thesis. (Plate III)

Early prophase. No abnormalities were noted in this

category.,

Mid-prophase. Reversions were the main type of abnor-

mality. These are characterized by a relaxation of the
coils and a general diffuse appearance. A few spread con-
figurations were also seen, with the chromosome threads

loosely arranged within the nuclear membrane.

Late prophase. The greatest number of aberrant cells were

found in this stage. They had chromosomes of varying degrees
°of contraction and reversions. Contracted figures were classi-
fled g5 "slightly contracted," "moderately contracted," and
"seVWBrely contracted." The slightly contracted figures are

T®Cognized by a thickening of the chromosomes; the severely

Contracted figures are of metaphase length and scattered
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arouné the perinhery of the nuclear membrene; witl tlie moder-
ately contractec figures in an intermecdiste cetegor;. Lever-

tynes

sions were observecd in normal late pronphaces ené all
of contracted fi_urec.

Pro-metaphase, No abnormsl figures were observed in

thls stage.

Post-Prophase
Post-prophase was classified &according to the trsditional

metaphase, anaphase and telophase,

Laggarcds, slightly scattered figures,

Metaghase.

severely scattered figures and reversions were found. Lag-

gards are chromosomes which sit apart from the rest of the

chromosories. In the slightly scattered figures, the chromo-

somes are grouped towards the ceater of the cell, but the

kinetochores do not line up on & plate. In severely scattered

sprecd throughout the cell,

=

figures the chromosomes are widely

Thece are distinguished from the severely contracted figures

in late prophase by a separation of the chromatids except

8t the kinetochore rezion. A few reversions of the severely

Scattered figures were observed,

Abnormalities wcre classified es

Anaphase.

or es, spread figures, scattered [igures and re

[

g
Bri«iges are strends of chromatic meterial between the
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separating curomosome grouns. Thece may be cue to sticliii-
ness of the metrix or to entanglement of chromosomes with
trabants. OSpread figures are typified LY two ygroups of

. chromosomes, in which the chromosomes are somewheat shortened
end without & close orieantation of kinetochores towzrce the
ooles., In the scattered figures, the chromosomes form only
one group, with sister chrometids side by side. iReversions

of scattered figures were occasionally observed.

Telophase. Spread figures and bridges were the types
of irregularitiec noted. The morphology is the seaie as in

anaphase, with the e:ception of a telcnorphic appearence.

Interphase
Pycnotic and binucleate cells were observed, but s

quantitative analysis of them was not made.-

B. Continuous Treatment

Genereal Observations

A deviation from the normal condition was observed in
the gevelopment of a root system in the recovery material
(Pla te I). After a recovery period of six days the materiel
Yhich had been treated with 200 ppm. terremycin * HC1 had
N0 si1ge-roots and was shorter in length than the control.

Thos e which had teen in 100 ppm. had an occasional very short
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sice-root &avove the resion of immersion, and none in the new
srowth region. They, also, were shortcr than the controls.
After a ten day recovery period, the 50 ppm. treated
roots showed only an occasional small side-root above the
immersion region and & few short side-roots from the new
growth. Those from 25 ppm. treatment, had only an occasional
side-roct above the immersion region and had several side-
roots iIn the region of new growth. The main roots were
shorter than those of the controls. . The 10 ppm.
material devieted from the control only in & lack of side

roots in the Immersicn regionr.

Analysis of lifitotic Index

In text Figure 1, a comparision of the mitotic indexes
for the various concentrastions used is shown., Ten ppm. con-
centration of the antibiotic was not graphed, as it follows
the same trend as 25 ppm. concentration. At 25 ppm., no sig-
nificent increase or decrease wes realized in the mitotic
index, The mitotic index of material treated with 50 ppm.
showed & very slight increase at the first hour and then de-
Creased cradielly to zero at eight hours of treatment. At
100 ppm. treatment, the mitotic index dropped steadily for
the first four Lours &nd then tapered off to zero at eight
hours, The mitotic index of materiel treated with 200 ppm.,

dx'C>I-‘>p<-3d gbruptly to zero within two hours of treatment,
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Analysis of Abnormelities as Compared to the Total Number

of Mitotic Cells
In this analysis of continuous treatment the concen-

trations of 50 ppm., and 100 ppm. were used. The concentretions

of 25 pom. &nd 10 ppm. did not show enough aterrstions &nd

in 200 ppm. there were insufficient catsa,

The absolute number of totel prophase figures in 50 ppm.

treated tzterial, decreased with duration of treatment es

i1s shown in text Figure 2a. The proporticn of these figures

whichh was abnormal increased with treatment. At tlie end

of two hours, no pro-metaphases were observed. Early prophase -

dissapneered rapidly and were no longer 1n evidence by the
end of four hours. Also, the total number of mid-prophases
decreased gredually during treatment. This stege shdwed re-

versions as early as one hour, with the proportion of rever-
sions to normals increasing gradually during treatment, until
at the end of six hours only a few normal figures were left.
The proportion of late-prophases to total-prophases
Increased gradually during treatment, as is seen by a com-
Parison of text Figure 2a with text Figure 2t. The first
hour of treatment showed an increase in the number of normal
late%—prophases, with a few contracted figures and reversions,.
At two hours the number of contrected figures, the degree of
At

COntyrsction, end the number of reversions had increased.

four hours severe contraction was in evidence and reversions
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were meinly of contracted figures. By six hours no normal
figures were found.

Text Figure 2c¢ shows the analysis for nost-prophase.
There was an increase in ebsolute number the first hour,
followed by a gradual decline to zero by the end of eight
hours. As treatment continued, the proportion of abnormals
to normals increased. These consisted mainly of slightly
scattered metaphase figures in the first hour of treetment,
which were replaced with severely scattered figures by four
hours. Abnormalities in anaphaée and telophase were mainly
of spread flgures, with occasional bridges in both normal
and spread figures. A few scattered figures in anaphese,
and reversions thereof, were also noted., In all three phases
laggérds were found during the whole course of treatment,

The picture in 100 ppm. treated material was generally the
same gs in 50 ppm, but the effect was more prcnounced as 1s shown
In text Figure 3. Again the gbsolute number of figures de-
creased, but more rapidly than in 50 ppm,

Also the occurrance and proportion of abnormalities
Was greater. All figures were a?normal after four hours of
treatment. Both early-prophase and pro-metaphase dissap-
Péared within two hours. Mid-prophase had virtuelly dissp-
Peared by the end of four hours of treatment, with the majority

Peing of the reverting type before that time.
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The proportion of late-prophese to total-prophase wes
greater than in 50 ppm. Contracted figures and moderately
contracted figures were in evidence by the first hour of
treatment, as well as several reversions of normegl figures.
By four hours, neerly all figures were ef reversions of
moderately and severely contracted types; and by six hours
only reversions of these contracted figures could be found.

Post-prophase also showed the same general trend, but
to a greater degree. Severely scattered metaphase figures
were found earlier ancd in greater proportions. These severely
scattered figures and reversions of them were the only type
found in the later hours, Otherwise, the picture is the seme

as in 50 ppm. treatment.

C. Fifteen Minute Short Time Treatment and Recovery

Analysis of Mitotic Index

A comparison of the mitotic indexes of material treated
with 100 ppm. and 200 ppm. is shown in text Figure L. The
mitotic index of materisl treated with 100 ppm. shows a
sharp increase at the end of 15 minutes of treatment. One-
Quarter to two hours recovery showed fluctuation. At three
hours recovery the mitotic index dropped, and then again went
UP at four and five hours recovery. The 200 ppm. treated

Material did not show as sharp an increase at the end of 15
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minutes treatment. There was a drop in the mitotic index at
one-quarter hour recovery and a small increase et one-hslf

hour recovery with a stesdy decrease until four hours of

recovery time was resched. The mitotic index then increased until

it reached the normel state by six hours.

Anelysls of Abnormalities as Compared to Totel Number of
Mitotic Cells

The absolute number of total-prophase figures in material
treated witk 100 ppm. for 15 niinutes, showed a fluctuation
from 15 minutes treatment to one hour recovery. The total
number of figures then decreased gradually until a low at
three hours was reached, followed by an increase, as is shown
in text Figure 5a.

The proportion of early-prophase wess never very low, but
reached the lowest frequency at three hours, and the highest
&t four and five hours. Pro-metaphase varied very little
during the course of treatment and recovery. Mid-prophase
also showed little proportional varistion, with the lowest
Proportions at four and five hours. Reverting figures ap-
Peéared in this stage, with the highest frequency at the end
of trestment and one-quarter hour recovery, followed by a gradual
decline to the end of the recovery period.

There was no marked increase in the proportion of late-

Prophase to totel-prophase, as is shown by a comparison of
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text Flgure 5b with text Figure Sa. The majority of abnor-
malities were of the slightly and moderately contracted
types. Reversions were found in a small proportion from 15
minutes treatment to three hours recovery and were of normal
end contracted figures,

Post-prophase analysis is shown in text Figure 6. The
total number of figures fluctuated during 15 minutes tresat-
ment and one-guarter hour recovery, then climbed greduelly
to & high at two hours of recovery. There was a drop at
three hours recovery followed by a graduel rise to five
hours of recovery. The proportion of abnormel cells was
low, reaching the highest proportion at two and three hours
of' recovery. Abnormalities in metaphase were of slightly
scattered figures at two and three hours recovery. Spread
figures were the main type of abnormality observed in ana-
Plx;tse end telophase. Some laggards were observed in all
post-prophase stages.

The results obtalned from treatment with 200 ppm. for
15 minutes, followed the same general trend as 10C ppm.
treatment, as is shown in text Figures 7 and 8. With 200
Ppm. the initial increase of total prophase at the end of
treatment wes not as great as in 100 ppm. A decrease at
One-quarter hour recovery was followed by an increase at

one-half hour recovery, and then a gradual decline to a low
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at four hours of recovery. At five and six hours recovery
there was an 1lncrease in the total number of prophase
stages.,

As in 1CO ppm., early-prophase stages were always
found; however, the decrease in number was more pronounced
with the lowest point at four hours of recovery. Pro-metaphsase
stages were found at all points, except three hours recovery.
Reverting figures were noted in this stage with the highest
proportions at one and two hours of recovery, followed by a
gradual decline to =ix hours recovery.

Late prophase showed a greater decrease in proportion
to total-prophase than in 100 ppm. There was a sharp in-
crease in this stage at one-half hour recovery and then a
gradual decline to six hours recovery. More contracted
figures and more severe contraction was seen than in 1CO
ppm., and was most evident at two and three hours of recovery.
Reversions of normal and contracted figures were found with
the highest proportion at one to three hours recovery.

A graph of post-prophase analysis for 200 ppm. is pre-
sented in text Figure 8. Again, there is a similarity to
10C ppm. treatment. The total number of figures varied only
slightly to two hours recovery, after which 1t dropped
to a low point by four hours, followed by a gradual in-
crease to six hours. As in 1C0 ppm., there was always a

good proportion of normal figures present. The highest
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proportion of abnormalities was realized at one-quarter hour
recovery with a gradual decline in frequency theresafter,
Abnormal figures were the seme as in 1CO ppm. treetment,
with the exception of the aspezrance of more severely scat-
tered metaphase figures at one and two hours recovery, and

their maintenance in subsequent recovery hours.

D. Thirty Minute Short Time Treatment and Recovery

Analysis of Mitotic Index

A comparison of the mitotic indexes of roots treeted with
600 ppm. and 8CO ppm. concentration for 30 minutes, followed
by a recovery period of eight hours is given in text Figure 9.
Six hundred ppm. treatment showed an increase at the end of
the 30 minute treatment period and a decline to one hour
recovery., At two hours of recovery there was a slight increase,
followed by a gradual decrease to a low et six hours recovery.
At seven hours recovery there was an increase, again followed
by a slight decrease at eight hours of recovery. The 8CO ppm.,
treatment did not show an increase at the end of treatment,

and exhibited a gradual decrease, with hourly fluctuation

until g low was reached at seven and eight hours recovery.
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Analysis of Abnormalities as Compared to the Total Number
of Mitotic Cells

A graphic enalysis of total-prophase figures for 6CO
ppm. treatment is preseated in text Figure 10a, The number
of figures increased to a high at the end of the treatment
perlod, followed by a sharp drop to one hour recovery.

There was an increase at tvo hours recovery followed by a
gradual decline to six hours, another small increase at
seven hours and a decline at eight hours recovery. As the
number of total figures dropped the proportion of abnormal
figures increased,

Early prophases were always noted; however, the fre-
quency showed a sharp drop byone hour recovery and was very
low until six hours recovery, at which time there was a
gradual increase., Pro-metaphases disappeared at two hours
recovery and did not reappear until seven hours recovery
time. The frequency of mid-propheses realized a sharp drop
within one hour of recovery and was maintained only in small
numbers thereafter, The proportion of reversions, in this
stage, reached a high point at one-half hour recovery and
remained fairly stavle until six hours recovery when a slight
increase was realized,

There was & marked increase in the proportion of late-
prophase to total prophase during the dupation of the treatment,

as 1s shown by a comparison of text Figure 10a with text



text Figure 1Cb. By one hour recovery the proportion of
late-prophase had shoved a sharp increace and continued
to rise until five hours recovery, when it sterted to de-
crease slowly. Abnormelities were of contracted figures
and reversions, with the most severely contracted figures
becoming more predominant with duration of time.

Text Flgure 11 shows the analysis of post-prophese for
6CC ppm, treetment. There was a gradual decrease of total
figures to four hours recovery, after which the total number
remained falrly constent to the end of the recovery period.
As in prophase, the proportion of abnormal figures increased
with the decrease in numter, Abnormslities in metaphase
consisted of slightly scattered figures until one hour re-
covery, at'ter which they were replaced greaduslly by severely
scettered figures., A few reversions were observed in the
later recovery hours. Anaphase irregulcrities were of spread
figures and scattered firvres, Bridges were evident and were

due to matrix stickiness or entangled trabants. Spreaod
fijurce and bridpes were found in telonhase, As in the other
treatments, laggards were seen in all post-prophase stapes,

Total »rophase analfsis for 80C ppm. follows the same
trend as 60C ppm,., trestment, as 1s shown in text Figure 12,
There was a grsadual fluctuating decrezse In the teoial number

of provhases, reaching a low at seven and eight hours recovery.
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The frequency of early-prophesse figsures aropned quickly
at the end of treatment e«d early hours of recovery, reache-
inc nearly zero at four and five hours recovery. They
also followed the s&ame trend as was seen in 60C ppm. trcat-
ment. From one hour recovery to five hours recovery, late-
prophase was the main class of nroohese fiymre. After five
hours the proportion of late prophase began to cecrease
gradually. Abnormalities were of the same type and followed
the same trend as was noted in 6CO p>m, treatment.

Post-prophase effects for 00C ppm. are presented in
text Figure 13, Absolute numbers, proportion of ebnormalities,
and types of abnormalities followed the sane general pesttern

as was seen in 00C ppm. treatment.

E. Summary of Observations

1. Continuous treatments reduced the number of side roots
in recovery mabterial; the degree dependine on the con-
centratton,

2. The mitotic index showed a decrease in all treatments,
depending on the concentration used and lengti: of trest-
ment .

3. The absolute numbers of total prophase figures decreased
in all cases, verying with concentration and length of

treatment used. The greatest proportlonal decrease vias
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in early prophlasc and pro-metaphase, lild-prophase also
showed a pronortional cdecrease in figure;'and & ricse In
reversions,

Late=-prophase figures showed & proportionsl increase to
total-prophase figures, with duration of treatment or
recovery. Abnormalities were of contracted figures end
reversions, with degree and proportion of contraction
and the proportion of reversions increasing with tire.
A correlation of abnormalities with concentration and
length of treatment was observed.

The absolute numbers of post-prophase figures decreased
in all treatments according to concentration and length
of treatment used., The proportion of abnormal figures
increased as the total number of figures decreased. Ab-
normalities in metaphase consisted of scattered figures,
with degree and proportion dependent upon time and the
mode of treatment. Anaphase abnormalities were mainly
of scattered and spread figures. The cbnormalities ob-

served in telophese were mainly spread figures.



L1SCUleSIcd
Normal Cycle

In order to uncerstanc what has gone wrong in an ef-
fected mitotic cycle, it 1is first necessary to know the
normal mitotic cycle. For the sske of convenience, the
normal process of mitosis has bpeen classified into severel
stages or phases. Illowever, it must always be kept in miad,
that these terms &sre nothing but names given to certain stages
in a constently moving and changing system, which results in
the formation of two nuclei and cells from one nucleus and
cell.,

During the process of mitosis, the curomosomes go
through ovservavle morphological changes and movements.
Interphase 1s diffusc and granular in eppearance., At »ro-
phase, definite spiralled threeds can be scen. At the be=-
ginning ol proohase tlie kinetoclhiores are arranged around th
old telopnhase pole end form a hollow sphere. As thils stsge
oroceeds, the chromosomes shorten and vecome thicker. Simul-
teneously, the kinetochores move towarcs the equator of the
nucleus. Usually before they rcach this polnt, however, the
chromosomes move to the ceater of the cell. They are tlicn in

the usual pro-metaphase earrangement of &a irregulsrly shaped




clump. Thils centerward movenent anpears to be assocleted
with disruption of the aucleer meunbrene,

While in pro-metaphese, more contrection and un-
winding of relational coils is realized., It 1s poscible
that the spindle, which was »rovably formed sometime during
prophace, may become functional and have some influence
along with the kinetochores on the movement of the chromo-
somes to the periphlier; of the equatorial plate, This movement
results in the formation of the metephase plate, Wwhile at
tne metephase plate, the kinetochores cleave, This is fol-
lowed by a mutual repulsion of sister kinetochores. The
forces of the spindle then come into operation and the re-
sulting coanfiguration is called anaphase. The sister chroma-
tids move apart, with the kinetochore leading and the arms
trailing behind. Telophase 1s the name given to the staje
when the chromosomes reach the poles and begin the morpho-
logical transformation towards Interphase., During late ana-
phase and in telophase, cytokinesis occurs and the nuclel
are separated into two different cells., This Involves,
among other things, the loss of matrix and some relaxing of
the chromonema colls,

This account of mitosis is concerned only with those
things which can be observed. Schrader (1953) has reviewed
many of the theories of mitotic movements, Nost of them are

highly theoreticel and can not even be proved with present




techniques, Therelore, not much would ve rained from a cis-
cussion of them In & stucdy of this sort. The btasic thlcory,
followed in this researci:, was the ons proposed by Wilson,
Hawthorne, and Tsou (1951). It states that there are &t
least two components of mitotic movement; a dipolair cyto=-
plasmic orientation, snd a nuclear component inherent in the
chromosome or its kinetochore. A simpler theory, such &s
this is, 1s much more readily and easily used as a basic

working hypotheslils.,

The Effects of Terramycin-HCl

The primary cytological effects of terramycin-HCl are
on prophase and "antephase." Therefore, this antibiotic may
be classified as a "prophase-polson" or vetter still, a "pre-
prophase=-poison." That movement of chromosomes from propnhase
to subsequent stages is stalled or prevented, is shown by
t7ie early increase in the proportion of late-prophases to
total number of dividing cells, As time aac concentration is
increased, this effect is even more noticeable, as indicated
by the grephs in text Figures 2, 3, 5, 7, 10, &and 12,
Chromosomes which are in early-pronhase and "late-
antephase™ &t the time of treatment, provesbly never proceed
farther than late-prophase, Tlils may well Le cue to an in-

hibitive action of terramycin-HCl on thc center and kinetochore
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movements., The movement of the clromosomes, which 1s realized,
may be ceaused by forces ol contraction and torsion within
the chromosomes themselves, That they ere incenable of lormiag
a pro-metaphase clvmp, is clesrly shown by the esrly cican-
pearance of this stape., The morphological changes ere not
interfered with, except for & possible slowing actlon. hiere-
t'ore, the continued morphological changes along with the in-
nibition ol movement, ceén be considerec to account for sevcrely
contracted and reverting chromosomes in late-prophace., The
degree of contraction at the time of reversion, may be related
to the advancement of prophase at the time of treatment. This
conclusion is drawn on the basis that the number of contracted
figures and degree of contraction increases with time anc also
shiows & correlation with concentration and length of treatment
period.

"Antephase," according to Bullough (1952, p. 1L5), "is
undoubtedly the most sensitive phase 1n the entire course
of a division." The actioa of terramyclin-lHCl onQantephase”
is a preventetive one, This is clearly 1llustrated by the
reduction and subsequent disappearance e’ early-
prophases in division, during the early hours of treatnent
in continuous treatment, and in recovery 10110Winb short time
trcatments. The failure of new cells to enter into cdivision
accounﬁs for the reducfion in the mitotic indices as is shown

in text Figures 1, 4 and 9. That recovery from such inhibition




may occur 1s shown vy the later retura ol eurly-prophace

2]

cduring recovery . It 1s intercsting to note, that ia the
cshort time trestment of 1Y minutese witl, conceantrations of
100 aad 200 ppm., the increase in anumber of eerly-prophacses
and the mitotic index 1is realized within three to tour
hours, wvwhich is concicdered to be the normal period of time
a cell requires to go througzh mitosis,

The cytological effects of this antibiotic on »ost-
prophase are not as pronounced as @én prophase., The slightly
scattered metaphases may possibly be considered as normal
and due to a slowing action on the movement of chromosones
fromthe metaphase plete, thus mekiny it possible to see thenm,
Or, they may bLe considered to be the re:zult of & partial
impairment of the spindle., Likewlise, spreeadé anaphases and
telophases may be considered as a normal condition, made ob-
servable by slow movement, On the other hand, a partial im-
paeirment of the spindle and kinetochore repulsion couvld &c-
count for the sprecc, bell-shaped groupings.

Severely scattered metepheses probebly come from chromo-
somes which were in late-orophase at the time of treatment,
This 1s indicuated by their errangement within the cell and
their leater asppearance in treatment anc recovery. This tyne
ol cell rarely enters into anaphace, and usuvally reverte 1

situ. Theoretically, this should leasd to four-stranded

chromosomes., It may be assumed that these cells, as well as
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other cells undergoing mitoslis at time of treatment, are
incepable of redividing. This conclusioa iIs made on the
basis that polytene or lour-stranded chromosomes have never
bcen observed in recovery material., The lack of side-roots
in the immersion region of roots suvv jected to contianuous
treatment, may be considered as further evidence., However,

the exact disposition of these cells is not known and can

only te speculated m at the present time,

2
5
N
[ ]

The bridges anc fregments, which were observed in ana-

P

phase and telophase, were of the type reported and pictured

by Tanaka ancé Satd (1¢2), and Levan and Tjio (1951). A
close examination of &n equal number of control slices,
showed thet there was no significant increase in occurrence

or kind., Therefore, i1t does not seem possible to concluce
thet such bricdges and fragments are the result of treatment.
It is more likely that they are cazused by an entanglement of
chromosomes with trebents. Also, there was no evicdence of
ring fragments or translocetions which are commonly associated
With raciomimetic chemicals such as the mustard gases (Auerbsach,
1949) «  such fragmentation as has been noted does not secnu

to be of « degree or kind which would werrent classificetion

°f this antibiotic as & mutsgenic egent.
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Terramycin-HCl as Cormmared to Colchiicine

The cytological citects of terramycin-iCl sre guite
different from those of colchicine, Colchlicine has o stal-
ling effect on pro-metaphlase and metaphase, which ultinately
leads to unipolar anaphases eanc telophases cousing »oly=-
ploidy. This early, complete disruption of spindle function
is not caused by terremycin-HCl. Colchicine stalls anaphase
and prevents cytokinesis, torming binucleate cells, Ter:ramycin-
HC1l exnibits only a very slight effect of this tyne, as is
Indicsted by the eppearance of only & few binucleate cells.
The severely scattered metaphases from colchicine treatment
€0 through anaphase and telonhase, and multiaucleate cells
are formed. Following terremycin-dCl treatment, severely
scattered metaphases revert in situ and do not lead to rwulti-
nuclesate cells. In contrast to terramycin-HCl, colchicine
has a stimuleatory effect on "antephase," rether than an in-
ibiting one. Further éivision of colchicine-effected
mitotic cells has been observed in recovery, There is no
evicence thet mitotic cells eifected by terremycin-lCl rc-

dlvide in recovery materiel.
Cytological end Antiviotic Activity of Anllviotics

The cytological effects of terramycin-HCl have followed

the same pattern as shown by all the other antibiotics whick




il B
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have been st died by the cytology groun at lkichii_an State
Collegc. These eftects ia review are: a hlgh »nercentage of
revexting proplicscs; a nreveation of the rovement of oronhase
chroirniosomes into post-prophese and a pile-up of latc-drophascs;
i 1 n

. N co. - IR S - .
oL SR U N SV CLlaCu Dl '.~..r,,\,‘.;.'g.16

resvlting in a lowecring
of' the mitotic index; the occurrence of ceveral sceaettcrod
mnetaphases; and failure to find four-stranded chromoscrics

in 1ecovery material. This would seem to indicete that there

Ja

may be a cdirect correlation between antibiotic and cjytologi-

¢

cal effects., It is possible that the action of an antiblotic
on sensitive bacteria i1s cdue to an inhibiting elfect on
the division of the bacterie. Such failure of reproduction
would 1lead tc their death.

The only cdifference, which hes been [ound through the
cytological study of the action of antitiotics, is 11 ilre
Concentration level at which effects and toxicity are reellized.
In connectica with this relationship, it shovld bc noted that
Actidione shows the most toxicity es an eantibiotic end anti=-
mitotic, It is the only antipiotlic, thus fer studied, which
1s too toxic for use in medicel trestments. The concentrations
of AC‘t‘ldicme, which chow cytologicel effects and toxlicity,
are mmch lower “Yer for the medicslly accepted antibiotics,
Inthig connection, Lr. G. B. wilson tes noticed a direct
Corr'el s tion between antitiotic and cytolegical Loalcity

rang . . .
%&es, insofer as tlhhey had teen studied. If these ovuserveations
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ghiould zrove to bte valld, it would scem to Indicete that
blie toalc eltccets ¢l new aatibiotics could ve sul jected

to & prelinlnary cjtcological screening test,

ERFIS PRCp I =_m—-ﬂ=7'
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l. T1lLe Plsum tect wees used to determine the cytolorical

elffects of terramycin-lCl. Roct tips of Piswm sativum

-

jectecd

were sub to eight hourse continuous treatment with
concentrations ranging from 10 ppm to 20C ppm; and for

short tinme treatments for 15 minutes with 100 ppm and I

200 ppm and for 30 minutes with (GO ppm and 800 ppm,

i~

followed by a recovery period in nutrient solution.

2. The mitotic index cdecreased eaccording to time and concen-
tration, kLEarly prophases disappeared and there wes a
pile-up at late prophase. Scattered and spread figures
were otserved in post prophase., Continuous eight hour
treatment inhitited side-rcot development.

3+ It wee concluded that: terremycin-HCl prevents "ante-
phasd' from entering Into mitosis; may have a £light
destructive erfect on the spincle; interferes with cen-
ter and kinetochore inovement in prophase; prevents cells
in mitosis atl the time of treatment from redividing.

No mutagenic action is indicated,
L. The cytological effects of terramycin<liCl and colchicine

are different in sevcral re:pects: a) the former has

an inhibiting effect on "antephace," whereas, the latter



e
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is stimuleting; b)) the former does not serionsly
effect poct-prophecse, vherceas, the latilcr coes;
c) the former inhivits eifccted cells from dividin

agein, wvherees, tlic latter cdoes not.

The cytologicel effects of all antibictics, thus fer

stucied, follow the sesme pattern. There 1s some Indl-
cation of a correletion vetween cytolcgical effects

and the ection of antibiotics,
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Fionre 1 koot cdevelopment of seecllings, aftcr treatment

4

with terramycin-ill end slx dajs of "Haner

e,

tewel" recovery.
A - Trested with 2CO0 ppm for eizshit hours.
B - Trezted with 1CC ppm for eight hours.

C - Control.

igure 2 Koct cdevelcpment of seedlings, after treatment
with terramnycin-HCl and ten days of "paper
towel™ recovery.
A - Trealed vwith 50 pm for eight hours.
B = Treatecd with 25 »pm for elght hours.
C = Treated wilth 10 ppm for cigniit hours,

Control.
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Larly pro»nhwuzes
Late prcohase

Contrected late rro-hsre, pnromctanhase and e arly

proeleacse
Contractec late prophace
Prometaphase
Prometaphase with lag;ing chromosome
Fronetaphese &nd early anaphase
Lerly metephase &nd prometaphace

Eerly ancd late prophase; esarly metaphsase

hetephases
Early pronhase and anaphase

Telopnrese with lagging chromosome

Lach division of the scels reoresents ten microns.
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FLATE III

LrliCTe ur TobnaliCla=idCl o 213Ul SATIVUL

Concentrations and type of trectment are indicated =t

tlie bottom of tills »nage.

1 Leverting mic-prophese; (1), 1/, hour recovery
2 Reverting lete and mid prophases; (2), 1/2 hLour
recovery
3 keverting slightly contracted late prophaée; (2),
L hour recovery
L hevertirn, moderately contracted late nrophase; (2),
7 hour recovery
5 Moderately contracted late prophese; (3), L hour
recovery
6 Leverely contracted late prophase; (2), 7 hour recovery
7 Keverting severely contracted late prophase; (2),
S hour recovery
8 Slightly scattered metaphase; (1), 1/4 hour recovery
9 Severely scattered metephasc; (1), 1/2 hour recovery
10 Leverting severely scettered metephase; (3), L hour
recovery
11 Ananhase with bridge due to entanglement of trabents;
(2), 3 keur recovery
12 Anaphase with lag;ing chromosomes due to entanglement
of trabants; (1), 1/4 hour recovery
13 Spread ansphese; (2), L hour recovery
1l Spread anaprese; (1), 1 hour recovery
19 Spread telophese; (3), 3 hour recovery
16 Teloplease with bridges; (3) , 1 hour recovery

(1) Mitoses from 20C ppm treatment for 15 minutcs
(2) litoses from 600 ppm treatment for 30 minutes
(3) liitoses from 80C ppm treatment for 30 minutes

Fach division of the scale represents ten microns.
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