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P la n t meristerns are r e a d ily  made p o ly p lo id  by exposure to c o lc h i­

c in e . The c h a r a c t e r is t lc  p a ttern  o f  m ito s is  under the in flu en ce  o f  

t h i s  drug has been termed "C -m itosis" . Many drugs which do not r e a d ily  

produce p o ly p lo id y , in c lu d in g  c e r ta in  a n t ib io t i c s ,  cause c y to lo g ic a l  

e f f e c t s  which a t  l e a s t  s u p e r f ic ia l ly  resem ble those produced by c o l­

c h ic in e .  Such drugs have u s u a lly  been c a l le d  MC -m ito tic"  in  the l i t ­

era tu r e . The purpose o f  th is  in v e s t ig a .t io n  was to study the c y to lo g i­

c a l e f f e c t s  o f  three a n t ib io t i c s — A c ti-d io n e , strep tom ycin  and Chloro­

m ycetin— on a q u a lita t iv e  and q u a n tita t iv e  b a s is ,  and to conpare the  

r e s u lt s  w ith  s im ila r  data obtained  from a study o f  the e f f e c t s  o f  

c o lc h ic in e .

The root t ip s  o f  pea se e d lin g s  were immersed in  known concentra­

t io n s  o f  th ese  drugs d is s o lv e d  in  a weak balanced m ineral s a l t  so lu ­

t io n  and m a ter ia l c o l le c t e d  fo r  exam ination a t  known in te r v a ls  up to  

e ig h t  hours. Recovery was checked by r in s in g  s e e d lin g s  thoroughly  

a f t e r  e ig h t  hours o f  treatm ent and le a v in g  them in  m oist paper to w e lin g  

fo r  f o r ty -e ig h t  hours.

I t  was found th a t the e f f e c t s  o f  c o lc h ic in e  and A cti-d io n e  d if fe r e d  

in  a lm ost every  r e sp e c t . A c ti-d io n e  markedly decreased  d iv is io n s  by 

cau sin g  preprophase in h ib it io n  o f  d iv i s io n s ,  w h ile  c o lc h ic in e  caused  

an in c r e a se  in  d iv is io n s  which appeared In p art to  be due to a true  

s t im u la t io n  o f  m ito s is .  A c ti-d io n e  p r im a r ily  a f f e c te d  pro­

p h a ses , b lo ck in g  th e ir  t r a n s it io n  to raetaphases and thus r e s u lt in g  in  

an accum ulation  o f  h ig h ly  overcontra.cted prom etaphases. R eversion  to 

in terp h a se  occurred in  abundance a t  a l l  prophase s ta g e s . A c ti-d io n e  

had l i t t l e  e f f e c t  on postprophase s ta g e s . C o lch ic in e  p r im a r ily
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a f f e c t e d  postprophase s ta g e s  by s p e c i f i c  and com plete impairment o f  

sp in d le  c o n tr o l and showed no e f f e c t  on prophases. Streptom ycin  

e f f e c t s  were q u a l i t a t iv e ly  s im ila r  to  th o se  o f  A c ti-d io n e  }but s tr e p to ­

mycin was shown to have a very  narrow margin between i t s  th resh o ld  o f  

c y to lo g ic a l  e f f e c t iv e n e s s  and i t s  l e t h a l  th resh o ld . Chlorom ycetin  

c a r r ie d  t h is  tendency o f  streptom ycin  to the extrem e, and excep t fo r  

ra th er  e r r a t i c a l ly  exp ressed  preprophase in h ib it io n  o f  d iv is io n s ,  i t s  

l e v e l  o f  c y to lo g ic a l  e f f e c t iv e n e s s  was not separable from i t s  n e c r o t ic  

dosage l e v e l .

With the ex cep tio n  o f  c o lc h ic in e , the c y to lo g ic a l  a c t iv i t y  o f  the 

drugs t e s t e d  was an tagon ized  by d is s o lv e d  m ineral s a l t s .  This " s a lt  

e f f e c t "  was v ery  marked w ith  streptom ycin  and on ly  moderate w ith  A c t i-  

dione and C hlorom ycetin. Evidence o f  sp in d le  impairment was not seen  

in  s ig n i f i c a n t  p ro p o rtio n s in  m ater ia l tr e a te d  w ith  the a n t ib io t i c s  

excep t a t  dosages h igh  enough to preven t recovery. These and o th er  

fa c t s  are u sed  to support the h y p o th es is  th at the sp in d le  derangements 

caused by the th ree a n t ib io t i c s  have a v ery  d if fe r e n t  b a s is  than the  

sp in d le  d istu rb a n ces  caused by c o lc h ic in e . A b a s is  i s  shown to e x i s t  

fo r  the n o tio n  th a t sp in d le  d istu rb ance caused by treatm ent w ith  A c t i-  

d ion e, strep tom ycin  and Chlorom ycetin are a c tu a lly  e a r ly  s ta g es  in  

pyk n otic  d egen eration .

The term " a k in etic  m it o s is 11 i s  proposed as a s u b s t itu te  fo r  "C— 

m ito s is"  to d escr ib e  any m ito t ic  p ro cess  where sp in d le  co n tro l o f  p o s t­

prophase chromosomes i s  im paired. "C -m itosis" would be reserved  to  

d escr ib e  the c o lc h ic in e  type o f  " ak in etic"  m itoses where such sp in d le  im­

pairm ent i s  a ) a h ig h ly  s p e c i f ic  r e a c t io n , b) accompanied by l i t t l e  or no 

prophase d istu rb a n ce, and c) p rod u ctive  o f  su b s ta n tia l amounts o f  p o ly p lo
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INTRODUCTION

The im portance o f  the c e l l  a s  a b a s ic  u n it  o f  o rg a n iza tio n  

and c o n tr o l in  l i v i n g  e n t i t i e s  s c a r c e ly  needs em phasis today. 

A ccord in g ly , every  scrap o f  in form ation  th a t can be gained con­

cern in g  the nature and mechanics o f  the n u cleu s rep resen ts  an 

advance in  b io lo g ic a l  knowledge a t  the most fundamental - l e v e l .

The study o f  ch em ica lly  induced m ito t ic  a b erra tio n s  a s  a  

t o o l  in  th is  q u est gained  i t s  f i r s t  b ig  impetus w ith  the d is ­

covery  o f  the p o ly p lo id iz in g  a c t io n  o f  c o lc h ic in e  (B la k eslee  

and Avery, 1937; D u stin , Havas and L it s ,  1937; Nebel and R u tt le ,  

1 9 3 8 ). A fte r  the war when s e c u r ity  bars were l i f t e d  on c e r ta in  

p h ases o f  b io lo g ic a l  research , i t  became known th a t workers on 

both  s id e s  had succeeded in  in d u cing  m utations by chem ical means 

(Auerbach and Robson, 1946; O ehlkers, 1943). S in ce  th at time 

l i t e r a l l y  hundreds o f  chem icals have been used  to tr e a t  a wide 

v a r ie t y  o f  l i v in g  t i s s u e s ,  and r e s u l t s  have been checked c y to -  

l o g i c a l l y  a s  w e ll a s  g e n e t ic a l ly .  Comparison o f  r e s u lt s  i s  com­

p l i c a t e d  by the v a r ie ty  o f  experim ental c o n d itio n s  and, in  con­

t r a s t  to the stan d ard ized  t e s t s  u sed  to d e te c t  m u tation s, cyto— 

l o g i c a l  a n a ly s is  has been la r g e ly  su b jec tiv e  and n o n -q u a n tita tiv e .

D esp ite  the problem s o f  comparison and la c k  o f  stand ard i­

z a t io n  o f  term inology, c e r ta in  gen era l ten d en cies  have been ob­

served  and some gen era l co n c lu s io n s  made. Levan in  a recen t  

rev iew  (1952) has d iv id ed  th ese  r e a c tio n s  Into th ree main headings
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and p o in ts  out th a t some chem icals may produce one, 'two or even  

a l l  th ree  o f  th ese  r e a c tio n s  depending on the c o n d it io n s  o f  tr e a t ­

ment. Most o f  Levan® s co n c lu sio n s were "based on the r e a c tio n s  

o f  A lliu m  root m eristem s, sprouted  in  w ater, to  immersion in  a  

s o lu t io n  o f  the drug fo r  a d e f in i t e  p er io d  o f  tim e— the "A lliu m  

cena t e s t " .

The f i r s t  ca teg o ry  i s  th a t o f  "mutagenic" r e a c tio n s  i . e .  

r e a c t io n s  where the p r in c ip le  r e s u lt  i s  th at o f  g e n e t ic  change. 

Levan fu r th e r  d iv id e s  th ese  in to  th e  subheadings " g en e tica l muta­

g e n s’® i . e .  su b stan ces th at produce gene m utations and " c y to lo g i­

c a l m utagens” which cause g e n e t ic  changes by producing s tr u c tu r a l  

a lt e r a t io n s  o f  the chromosomes. G enerally  speaking g e n e t ic a l  

mutagens a ls o  cause chromosome breakage and v ic e  v ersa , but the 

two e f f e c t s  do not appear to be p a r a l le l  in  a l l  chem icals.

The l a s t  two c a te g o r ie s  are th ose  which p r im a r ily  produce 

c y to lo g ic a l  e f f e c t s  o f  one so r t or another and Levan d e s ig n a te s  

th ese  a s 1) r e v e r s ib le  p h y s io lo g ic a l  r ea c tio n s  and 2) le t h a l  

and to x ic  r e a c t io n s . Under the f i r s t  heading the e f f e c t s  o f  

c o lc h ic in e ,  so c a l le d  C -m ito sis , i s  the main type o f  r e a c tio n .

This Levan d e scr ib e s  as the " rev ersib le  in a c t iv a t io n  o f  the  

mechanism o f  movement o f  the chromosomes”. He reco g n izes  C- 

tumour form ation  and e x c e s s iv e  chromosome co n tr a c tio n  as  reac­

t io n s  b e lon g in g  to  t h is  gen era l complex.

Substances o f  w id e ly  vary ing  chem ical c o n s t itu t io n  have been  

c la s s e d  as C -m ito tic  a g en ts . In the case o f  a number o f  l ip o id  

s o lu b le  substances o f  the n a r c o t ic  typ e, i t  has been shown th a t
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in c r e a se d  C -m ito tic  a c t i v i t y  i s  c o r r e la te d  w ith  in crea sed  f a t  

s o l u b i l i t y  and d ecreased  w ater s o lu b i l i t y .  The m a ter ia ls  w ith  

the lo w e st known C -m ito tic  th resh o ld s  are the in o rg a n ic  s a l t s  o f  

heavy m eta ls , p a r t ic u la r ly  mercury, the a c t i v i t y  o f  which can be 

in c r e a se d  even more by a lk y la t io n  (Levan, 19^5) • C o lch ic in e  i s  

unique among th ese  compounds in  th a t any change w ith in  the c o lc h i­

c in e  m olecule d estro y s  i t s  a c t i v i t y  (S te in eg g er  and Levan, 19^5)* 

Levan (1952) su g g e sts  th at the so c a l le d  som atic raeiosis  o f  

Huskins (19^8) c o n s is t s  m ainly o f  d e v ia tin g  C -m itoses due to in ­

com plete impairment o f  the sp in d le  mechanism.

L eth al and to x ic  r ea c tio n s  form the f in a l  ca tegory  accord in g  

to  Levan. E f f e c t s  in  t h is  ca tegory  ranged from rev ersio n  o f  pro­

p h ases w ith  d is s o lu t io n  o f  m atrix and r e la x a t io n  o f  s p ir a ls  to  

p y k n o s is . Levan d e scr ib e s  t h is  p ro cess  as in d u c tio n  o f  an " a r ti­

f i c i a l  i n t e r p h a s e S u b s t a n c e s  cau sin g  such e f f e c t s  may a ls o  

cause C -m ito s is , but t h is  w i l l  seldom be noted a s  the to x ic  th resh ­

o ld s  are  c lo se  to or  below the C -m ito tic  th resh o ld . D*Amato (19^8, 

19^9) d escr ib es  a la r g e  c la s s  o f  m a ter ia ls  he c a l l s  " ty p ica l c e l l '  

p o ison s"  (a s opposed to "C -m itotic p o iso n s" ). He d escr ib es  two 

p r in c ip le  typ es o f  e f f e c t s  as ty p ic a l  o f  the c e l l  p o iso n s .

a ) **Prophase poison in g"  in  th a t prophases are "unable" to

reach m etaphase. These a r r e s te d  prophases may rev er t

to  the r e s t in g  co n d itio n .

b) "Preprophase in h ib it io n  o f  m ito sis"  in  th a t no new

d iv is io n s  are in i t i a t e d  once treatm ent has s ta r te d  to

take e f f e c t .
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Only o c c a s io n a lly  cou ld  m a ter ia l w ith  in ten se  r ev e r s io n  be re­

covered  and then o n ly  normal d iv is io n s  cou ld  be found, no p o ly ­

p lo id y  or  diplo-chrom osom es were noted . D*Amato fu rth er  p o in ts  

out th a t the o c c a s io n a l C—m ito t ic  e f f e c t s  produced a t  some con­

c e n tr a t io n s  o f  th ese  p o i s o n s ” are the r e s u lt  o f  a “shock a c t io n ” 

or “m assive to x ic  e f f e c t ” and do not rep resen t the ty p ic a l  cy to ­

lo g i c a l  e f f e c t  o f  th ese  drugs.

During the p a s t  few years the c y to lo g y  group a t  Michigan 

S ta te  C ollege  has screened  a la r g e  number o f  compounds fo r  cy to ­

lo g i c a l  e f f e c t s  (W ilson, 1950? W ilson and Bowen, 1951? P o w ell,

1951? Huston, 1952; and o th ers  u n p u b lish ed ). These in c lu d ed , 

among many o th er  m a te r ia ls , a lo n g  l i s t  o f  a n t ib io t i c s  and in ­

s e c t i c id e s .  While much o f  the work has been on the q u a lita t iv e  

l e v e l ,  i t  appears to be d e f in it e  th a t ,  o f  the lo n g  l i s t  o f  drugs 

t e s t e d ,  on ly  two— c o lc h ic in e  and cycloch loroh exan e (Lindane)—  

b elo n g  to the group o f  true “C -m ito tic ” a g en ts . A ll  o th er  m ateri­

a l s  f a l l  in to  one or another o f  the fo llo w in g  c a te g o r ie s :

A) Without e f f e c t ,  a t  l e a s t  u n t i l  fa n t a s t ic  co n cen tra tio n s  

were a t ta in e d . An example i s  p e n i c i l l i n  (W ilson, 19 5 0 ).

B) Caused pyk n osis and /or s t ic k in e s s  a t  a l e v e l  o f  con­

c e n tr a tio n  low enough to mask any o th er  c y to lo g ic a l  

e f f e c t s .  An example in  t h i s  category  was the a n t i -  

fungal a n t ib io t i c ,  R im ocidin (Huston, 19 5 2 ).

C) S u b s ta n t ia lly  answered the requirem ents o f  a ty p ic a l  

“c e l l  p o iso n ” in  the D*Amato sense w ith  apparent 

fa i lu r e  o f  prophases to  reach metsphase and
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preprophase in h ib it io n  o f  d iv i s io n s .  R eversion  o f  

prophases and metaphases to in terp h ase  commonly hut 

not in v a r ia b ly  accompanied the o th er  symptoms. C- 

m ito ses  were o c c a s io n a lly  p r e se n t . The hu lk  o f  ma­

t e r ia l s  t e s t e d  f e l l  in to  t h is  c la s s  and A c ti-d io n e , 

an a n t ifu n g a l a n t ib io t i c ,  may he c i t e d  a s  rep resen ta­

t iv e  o f  t h i s  type o f  compound (W ilson, 1950? Hawthorne 

and W ilson, 1952).

During the course o f  th is  groupf s work a number o f  compounds 

w ith  in t e r e s t in g  p r o p e r t ie s  have turned up. I t  was the purpose o f  

t h i s  stud y  to in v e s t ig a te  the e f f e c t s  o f  s e v e r a l o f  th ese  drugs on 

a com parative b a s is ,  namely c o lc h ic in e ,  A c t i-d io n e , strep tom ycin , 

and C hlorom ycetin. A second purpose was to d e v ise  a c y to lo g ic a l  

t e s t  method th a t would e lim in a te  the p r in c ip a l problems encountered  

in  the A llium  cena t e s t  i . e .  the d i f f i c u l t y  o f  o b ta in in g  on ion  

b u lb s th a t can be sprouted  a t  w i l l  throughout the year, the fr e ­

quent v a r ia b i l i t y  in  d iv is io n  frequency and f i n a l l y  the o c ca s io n a l  

appearance o f  t o x i c i t y  symptoms w ith out apparent cause.

C o lch ic in e

The a lk a lo id  c o lc h ic in e  i s  ob ta in ed  from the corm o f  Col chi cum 

autumnale and has th e  fo llo w in g  probable s tr u c tu r a l formula 

(oortn er and G ortner, 19^9) • ^
II

=  C H -O C H j

C o lch ic in e  ( 022^25^6^)



- 6 -

As p r e v io u s ly  mentioned^ c o lc h ic in e  i s  the type substance fo r  

the c y to lo g ic a l  r e a c t io n  la b le d  MC -m ito s isw by Levan (1938)- In. 

the o r ig in a l  sen se  t h is  term was u sed  to d e scr ib e  the r e a c t io n  as  

caused by c o lc h ic in e ,  and thus im p lied  a p ro cess  which, under cor­

r e c t  c o n d it io n s , w i l l  r e s u lt  in  p o ly p lo id y . Today, however, the  

term i s  used  to d escr ib e  any c y to lo g ic a l  r e a c t io n  where postpro— 

phase chromosomes are su b jec t to d e f ic ie n c y  o f  sp in d le  c o n tr o l,  

even though t h is  may be a symptom o f  a com p lete ly  d if fe r e n t  so r t  

o f  c e l l u la r  d istu rb an ce than th a t caused by c o lc h ic in e . In t h is  

r e sp e c t  sev e r a l workers have p o in ted  out th a t the C -m itosis  

caused by the m a jority  o f  a n t im ito t ic s  i s  probably a very  d i f f e r -  

en t r e a c t io n  than th a t produced by c o lc h ic in e  and a few o th er  tru e

p o ly p lo id iz in g  a g en ts  (D*Amato, 1 9 ^ 1  A lle n , W ilson and P o w ell,

1 9 5 0 ).

Guttman (1952) u s in g  A llium  made a s t a t i s t i c a l  a n a ly s is  o f  

the numbers o f  d iv i s io n  f ig u r e s  in  each stage  o f  d iv is io n  p er  ran­

dom f i e l d  o f  v iew  a s  observed under h igh  dry power. A pproxim ately  

two hundred c e l l s  were inclu ded  in  the average such f i e l d .  She

combined the data from three d if f e r e n t  treatm ents!

a ) 200 ppm c o lc h ic in e  fo r  tw enty-four hours,

b) 500 ppm c o lc h ic in e  fo r  tw enty-four hours,

c )  Saturated  so lu t io n  o f  acenaphthene fo r  tw en ty-fou r hours.

U sing a P o isso n  d is tr ib u t io n  she reported  th a t c o lc h ic in e  and ace­

naphthene l )  Did not prevent any c e l l s  from e n te r in g  prophase

2) Doubled the mean le n g th  o f  the t o t a l  d iv is io n  c y c le  

w h ile  quadrupling the mean duration  o f  metaphase
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3) Caused 8 .5  $  o f  m etaphases to r ev e r t to  in terp h a se  

A fforded  every  c e l l  r e v e r tin g  the same chance a s  

any o th er  c e l l  o f  g o in g  through a new c y c le  o f  

m ito t ic  d iv is io n .

In order to dem onstrate the nature o f  such d if fe r e n c e s , c o l­

c h ic in e  was s e le c te d  a s  one o f  the drugs, the c y to lo g ic a l  e f f e c t s  

o f  which were to he stu d ied  in  t h i s  in v e s t ig a t io n .

A c t i-d io n e

In 19^7* W hiffen, Bohones and Emerson rep orted  the p resen ce  

o f  an a n tifu n g a l a n t ib io t i c  in  media ferm ented by strep tom ycin- 

producing s tr a in s  o f  Strentom vces g r is e u s . I s o la te d  and c r y s t a l­

l i z e d  by Eord and Leach (I9h8) i t  has the fo llo w in g  s tr u c tu r e :

CHa
H> H /  c - c

H3C— ^ C = 0  , o
H \  /  Hv ||

c—c  c —c
H x H \  /  \

HC—C—C NH
\ Hv n \  /
oh c—e

C ycloheslm ide (A c ti-d io n e ) 0

A c ti-d io n e  i s  the r e g is te r e d  trademark o f  the Upjohn Company 

fo r  i t s  brand o f  t h i s  a n t ib io t i c .  P o sse ss in g  no marked a n t i­

b a c te r ia l  p r o p e r t ie s  i t  has, however, proved u s e fu l  in  p la n t  

p a th o lo g y  in  c o n tr o l l in g  c e r ta in  fungus in f e c t io n s  (Vaughn e t

a l ,  1 9 * 9 ) .

The c y to lo g y  group a t  M ichigan S ta te  C o llege  has in v e s t i ­

g a ted  the c y to lo g ic a l  e f f e c t s  o f  A c ti-d io n e  on A llium  root t ip s  

(W ilson , 1950; Hawthorne and W ilson, 1952), G enerally  speaking
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th e e f f e c t s  o f  t h i s  drag seemed q u ite  u n lik e  c o lc h ic in e ,  and in  

g en era l conformed w ith  th ose  s e t  fo r th  by D* Amato a s  "belonging 

to  h i s  group o f  " c e l l  p o iso n s" . Ho recovery o f  A lliam  root t ip s  

was o b ta in ed  a f t e r  treatm ent a t  dosages and tim es s u f f i c i e n t  to  

produce obvious c y to lo g ic a l  e f f e c t s .

Because o f  the r e l i a b i l i t y  o f  the A c ti-d io n e  r e a c tio n , and 

th e f a c t  th a t i t s  e f f e c t s  are a s  s t r ik in g  as  c o lc h ic in e  e f f e c t s ,  

but ap p aren tly  o f  a  very  d if f e r e n t  n a tu re, i t  was s e le c te d  fo r  

t h i s  stu d y .

Streptom ycin

Streptom ycin, the f i r s t  a n t ib io t i c  o f  c l i n i c a l  importance to  

be i s o la t e d  from an actinom ycete was found by Waksman and co­

workers (S ch atz , B ugie and Waksman, 1 9 ^ )  in  c u ltu r e s  o f  S trep  to -  

mvces g r is e u s . The s tru c tu re  o f  streptom ycin  i s  a s  fo llo w s  

(P r a t t  and Bufrenoy, 19^9):

S tr e p t id in e

u ,OH NH 
HjH-? H / C\  H

HN-C c — nh

\  -  ✓ Hfcx S trep to se  S

Streptom ycin
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An im portant m o d ifica tio n  o f  the drug i s  d ihydrostreptom ycin  

which i s  produced hy red u ction  o f  the carbonyl group o f  the 

s tr e p to se  m oiety  to  an a lc o h o l. Both strep tom ycin  and d ihydro- 

s tr e p  tom ycin are  b a ses  and are u sed  c l i n i c a l l y ,  a s  w e ll as in  

t h is  study, a s  the s u l f a t e s .  C onsiderably low er t o x ic i t y  has 

been shown fo r  the reduced form than fo r  strep tom ycin  in  c l i n i c a l  

u s e , w ith  no change in  a n t ib io t i c  a c t i v i t y  rep orted  (Waksman, 19^9 )•

A phenomenon o f  in t e r e s t  i s  th a t the p resen ce  o f  c e r ta in  

an ion s and c a t io n s  a l t e r  the e f f e c t iv e n e s s  o f  strep tom ycin . This 

has been c a l le d  11 s a l t  e f f e c t ” (P r a tt  and Dufrenoy, 19^9) • There 

have been c o n f l i c t in g  rep orts  in  the l i t e r a t u r e ,  but g e n e r a lly  

n i t r a t e ,  c h lo r id e , la c t a t e ,  phosphate, ta r tr a te ,  c i t r a t e  and 

s u lf a t e  among the an ion s; and b iv a le n t  magnesium, calcium  and 

barium among the c a t io n s  have been found to cause the g r e a te s t  

in te r fe r e n c e  w ith  a n t ib a c te r ia l  a c t iv i t y .

Streptom ycin has sev e r a l s p e c ia l  p r o p e r tie s  o f  in t e r e s t  to  

the g e n e t i c i s t .  P r o v a s o li ,  Hutner and P in tn er  (1952) have re­

view ed the work th a t has been done on the in d u ctio n  o f  permanent 

c h lo r o s is  in  seed  p la n ts  and some a lg a l  f l a g e l la t e s  by s tr ep to ­

mycin. To date d eterm in ation s a s  to whether or not such p la ,s t id  

m u tation s may be in h e r ite d  has been h eld  up by th e numerous tech n i­

c a l  problem s in v o lv ed .

A second p rop erty  worthy o f  mention i s  the u se  o f  strep tom ycin  

dependent s tr a in s  o f  b a c te r ia  (d eveloped  by lo n g  exposure to low con­

c e n tr a t io n s  o f  the drug) in  g e n e t ic  s tu d ie s . The lo s s  o f  dependence 

upon strep tom ycin  i s  e a s i l y  determ ined q u a n t ita t iv e ly  in  such a
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c u l t-u re a f t e r  exposure to chem ical or  p h y s ic a l mutagens (B erta n i, 1950).

The c y to lo g ic a l  e f f e c t s  o f  strep tom ycin  in  A llium  have heen in ­

v e s t ig a te d  hy se v e r a l workers (W ilson , 1950; W ilson and Bowen, 1951).

I n g en era l th ese  e f f e c t s  have in c lu d ed  o v erco n tra c tio n  and some 

sp in d le  impairment accompanied hy rev ersio n  o f  l a t e r  s ta g e s  to  the  

e n e r g ic  c o n d it io n . Pyknosis i s  rep orted  to he p resen t in  v a ry in g  

d egrees a t  dosages o n ly  s l i g h t l y  over those n ecessa ry  to produce 

c y t o lo g ic a l  e f f e c t s .  No rep o rts  have heen made o f  recovery a f t e r  

dosage a t  l e v e l s  c y t o lo g ic a l ly  e f f e c t iv e .  These ob serv a tio n s were 

confirm ed in  T rad escan tia  and chromosome fragm entation  in  th a t  

s p e c ie s  hy strep tom ycin  was rep orted  hy Tanaka and Sato (1 9 5 2 ). 

nhlnmTnvcetin

The i s o la t io n  o f  Chlorom ycetin from Strentom vces ven ezu elae  

(E r lic h  e t  a l ,  19^7) gave man a most u se fu l a n t ib io t i c  d e sp ite  

some recen t adverse p u b l ic i ty  concerning sev era l fa t a l  ca ses  o f  

a p la s t ic  anemia fo llo w in g  extended treatm ent w ith  the drug. I t s  

s tr u c tu r a l formula i s  a s  fo llo w s:

B H
O C -C

V\ . /  \  H
N—c  C —c

O
// \ - c '

H H

I
HO

H H 
— CH

OH

h o

r
?  

s  \
c f Cl

C hlorom ycetin (Chloroam phenicol) 2^12^2® 5
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C hlorom ycetin was su b jected  to  the A llium  t e s t  in  our 

la b o r a to r y  (W ilson and Bowen, 1951) and was found to cause a lm ost 

com plete c e s s a t io n  o f  d iv is io n s  a t  co n cen tra tio n s  o f  1000 ppm.

The o c c a s io n a l f ig u r e s  seen  a f t e r  tw elve hours o f  treatm ent were 

s tr o n g ly  a ffec te d ., o v erco n tra c tio n  and C -m ito sis  both b e in g  

p r e se n t . Root t ip s  a f t e r  such treatm ent were recovered  and no 

a b n o rm a litie s  n oted . Because o f  the marked su p p ression  o f  m ito s is  

and ea se  o f  recovery  shown by Chlorom ycetin in  th ese  p re lim in ary  

A llium  runs, i t  was s e le c te d  fo r  t e s t in g  in  t h is  in v e s t ig a t io n .
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MATEEXALS AM) METHODS

A. E xperlm ental Procedure

The root t ip s  o f  young s e e d lin g s  o f  P i sum sativum  v a r .

A laska provided  the m eristem atic  m a ter ia l fo r  th ese  s tu d ie s .  

Furnished through the co u rtesy  o f  Ferry-M orse Seed Company, the  

seed s were rep orted  to "be fr e sh  s to ck  from a d is e a s e - f r e e  s t r a in  

o f  r e la t iv e  g e n e t ic  u n ifo rm ity . They had not “been su b jected  to 

any form o f  a n t i  fu n ga l treatm ent.

Seeds were germ inated in  m oist paper to w e lin g  and 72 hours 

a f t e r  s ta r t in g  produced a root approxim ately th ree  to fou r c e n t i ­

m eters lo n g . G erm ination and a l l  subseoxu ent op era tio n s were 

c a r r ie d  out a t  room tem perature (about 2^° C). At th is  time the 

s e e d lin g s  were removed from the paper, and th e ir  ro o ts  were sub­

mersed in  a m ineral s a l t  s o lu t io n . This was accom plished by 

s t r e tc h in g  wide mesh c h e ese c lo th  over the tops o f  one l i t e r  

beakers f i l l e d  to w ith in  one cen tim eter  o f  the brim w ith  the so lu ­

t io n . The ro o ts  were in se r te d  in to  the s o lu t io n  through the mesh 

o f  th e c h e e se c lo th , and the plum ule, seed  coa t and co ty led on s were 

thus suspended out o f  con ten t w ith  the s o lu t io n .

The m ineral s a l t  so lu t io n  u sed  was h a lf - s tr e n g th  o f  a modi­

f i e d  Hoagland s o lu t io n  as developed  by Huskins and S t e in it z  (19^+8) 

w ith  minor elem ents om itted  and pH ad ju sted  to $ . 6 .  The compo­

s i t i o n  o f  one l i t e r  o f  f u l l  s tr en g th  s o lu t io n  was as fo llo w s :

.095 d111, Ca(H0^)2*^HgO .13^  S®* KH2POI},

.129  gjn- .007  gffl- KgHPOij,* 3H2O

. 180 dm. MgSOlj,* 7H2O
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Constant a e r a t io n  and a g i t a t io n  was ob ta in ed  by bu bbling  a i r  

a t  a ra te  o f  app roxim ately  10 cc/m inute through c e p i l la r y  openings  

in  the ends o f  g la s s  tubes in s e r te d  in to  the s o lu t io n  through the 

c h e e s e c lo th . The a i r  was ob ta in ed  from the la b o ra to ry  s e r v ic e  

o u t le t s  but was f i r s t  rendered fr e e  o f  dust and o i l  p a r t ic le s  by  

b e in g  p a ssed  through a f i l t e r  c o n s is t in g  e s s e n t ia l l y  o f  one l i t e r  

o f  e ig h ty  mesh ch a rco a l.

By use o f  t h is  technique i t  was a r e la t iv e l y  sim ple procedure  

to  o b ta in  any d e s ir e d  q u a n tity  o f  v ig o r o u s ly  grow ing s e e d lin g s  

w ith  r o o ts  w e ll a cc lim a ted  to an aqueous environm ent. A fte r  

tw elve hours in  h a l f  s tren g th  Hoagland so lu tio n , c y to lo g ic a l  exami­

n a t io n  dem onstrated th at root t ip s  ra ther  u n iform ly  p o sse sse d  a 

h ig h  ra te  o f  m eristem atic  a c t i v i t y  w ith  on ly  rare a b n o rm a litie s  

o f  d iv i s io n  and r e la t iv e ly  con stan t prop ortion s o f  c e l l s  in  the  

s e v e r a l s ta g e s  o f  m ito s is  (Column A, Table X). This procedure  

was u n iform ly  c a r r ie d  out to th is  p o in t , and such root t ip s  w i l l  

h en ce fo r th  be r e fe r r e d  to as nzero hour controls**.

Subsequent treatm ent v a r ied  w ith  the chem ical to be t e s te d ,  

but in  a l l  c a se s  the se e d lin g s  were removed a f t e r  tw elve hours from 

th e  la r g e  b eak ers, the root t ip s  r in sed  in  sev e r a l changes o f  d is ­

t i l l e d  w ater and th en  in se r te d  through c h e ese c lo th  s tr e tc h e d  over  

250 ml beakers which were f i l l e d  w ith  a s o lu t io n  o f  the drug the  

c y to lo g ic a l  e f f e c t s  o f  which were to be te s te d . A eration  and 

a g i t a t io n  were m aintained  during treatm ent by bu bbling  a ir  as  

b e fo r e . Zero hour c o n tr o ls  were alw ays c o l le c t e d  and f ix e d  a t  

t h i s  tim e.
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Up to fo r ty  ro o t t ip s  cou ld  "be tr e a ted  in  one v e s s e l  a t  one 

tim e and each c o l l e c t i o n  in c lu d ed  a minimum o f  fou r  root t ip s  

from one v e s s e l .  F ix a t io n  was fo r  a t  l e a s t  t h ir t y  m inutes in  a  

th re e  to one a b so lu te  a lc o h o l -  a c e t i c  a c id  m ixtu re. H y d ro lysis  

in  one normal h y d ro ch lo r ic  a c id  fo r  tw elve m inutes a t  60° C was 

fo llo w e d  by s ta in in g  by means o f  the Feulgen r e a c t io n . Squash 

p rep a ra tio n s  were then dehydrated overn ig h t in  95% e than ol con­

ta in in g  a sm all amount o f  f a s t  geen a s  a c o u n ter s ta in , and made 

permanent w ith  Diaphane.

C ontrol runs were ca rr ie d  out s im u ltan eou sly  w ith  the  

t e s t in g  o f  a p a r t ic u la r  drug. The co n tro l v e s s e l s  con ta in ed  o n ly  

th e  p a r t ic u la r  co n cen tra tio n  o f  Hoagland s o lu t io n  or d i s t i l l e d  

w ater b e in g  used  as  the so lv en t in  the run in  q u estio n .

C o lle c t io n s  were made a t  in t e r v a ls  up to e ig h t  hours, and 

a t  the end o f  th a t tim e a  minimum o f  s ix  s e e d lin g s  were r in se d  

in  s e v e r a l changes o f  d i s t i l l e d  w ater and p la ced  in  m oist paper  

to w e lin g  in  order to check recovery  from the e f f e c t s  o f  the drug. 

These se e d lin g s  were in sp ec ted  v i s u a l ly  fo r  g ro ss  changes and the  

root t ip s  c o l le c t e d  and f ix e d  fo r  subsequent c y to lo g ic a l  examina­

t io n  f o r ty -e ig h t  hours a f t e r  removal from the treatm ent v e s s e l .

£ . £rug&

S ix  d if f e r e n t  drug p rep aration s were checked fo r  c y to lo g ic a l  

a c t i v i t y .  A c ti-d io n e  (C ontrol Ho. 24?B-JHF-5), dihydro s tr e p to ­

mycin s u lfa t e  (C ontrol Ho. T4520), and strep tom ycin  s u lfa t e  (Con­

t r o l  Ho. 11>-JA-12) were manufactured by the Upjohn Company and 

fu r n ish e d  through the co u rtesy  o f  th a t company* s research  d iv i s io n .
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S im ila r ly , p rep a ra tio n s  o f s y n th e t ic  ch lorom ycetin  (C ontrol 

Ho. 16*4-562) and ferm en ta tio n  ch lorom ycetin  (C ontrol Ho. 168220) 

were fu rn ish ed  through the co u rtesy  o f  Parke-D avis Company resea rch  

d iv i s io n .  The c o lc h ic in e  used was a p rep ara tion  o f  the M allinkrodt 

Chemical Works.

Stock s o lu t io n s  o f  r e la t iv e ly  h igh  co n cen tra tio n  o f  each o f  

the drugs were made up and s to red  under r e fr ig e r a t io n  u n t i l  u se .

A l l  co n cen tra tio n s  were exp ressed  in  p a r ts  p er  m il l io n  as a con­

v e n ie n t  measure o f  co n cen tra tio n .

The problem o f  so lv en t fo r  the drugs was in v e s t ig a te d  a t  some 

le n g th  in  a s e r ie s  o f  p relim in ary  experim ents. I t  was found th a t  

a s ig n i f i c a n t  drop in  frequency o f  d iv is io n s  over zero hour c o n tr o ls  

occu rred  in  ro o t t ip s  exposed to d i s t i l l e d  w ater fo r  e ig h t  hours 

(Column C in  Table I ) .  On the o th er  hand, G alinsky (19*^8, 19*^9) 

rep orted  c y to lo g ic a l  a b erra tio n s caused by very  sm all amounts o f  

the phosphate io n , which ru led  out a s  su sp ect the use o f  f u l l  

s tr e n g th  balanced m ineral s a l t  s o lu t io n s . I n v e s t ig a t io n  showed 

th a t e ig h t  hour treatm ent in  a q u a r ter -s tr en g th  Hoagland s o lu t io n ,  

id e n t ic a l  in  com position  w ith  th a t used a t h a lf - s tr e n g th  in  the 

p re lim in a ry  p rep a ra tio n  o f  s e e d lin g s , gave no s ig n if ic a n t  d ecrea ses  

in  d iv i s io n  freq u en cy , changes in  r e la t iv e  frequency o f  s ta g e s , or  

in c r e a s e s  in  in c id en ce  o f a b n o rm a litie s  over i n i t i a l  c o n tr o ls  

(Column B in  Table I; Text f i g .  l ) .

In gen era l q u a rter -s tren g th  m odified  Hoagland s o lu t io n  was 

used  a s  s o lv e n t , and a l l  Q u a n tita tiv e  data were taken from such  

runs. Each drug was a ls o  te s te d  u t i l i z i n g  d i s t i l l e d  w ater from
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TABLE I

CYTOLOGICAL ANALYSIS OF CONTROL RUNS

(A) Zero Hour (B) 8 Hours (C) 8 Hours
C ontrol in  ^ Hoag. in  D ie t . HgO

Number o f  root t ip s  30

Number o f  D iv is io n
F ig u r e s /1 0 ,0 0 0  c e l l s  *+93 ± 1 8  475 ± 5 0  210 ± 3 9

$ o f  T otal D iv is io n s
in  E a rly  Prophase 31*1 ±  0 .7  31*7 ±  2 .0  37*5 ± 1 - 6

$  o f  T ota l D iv is io n s
in  Midprophase 2 9 .4  ± - 0 .7  29-3  i 2 , 7  20 .3  ^-1*1

$ o f  T ota l D iv is io n s
in  Prometaphase 5*9 ±  0 .4  6 .4  ± .  0 .6  8 .7  ± 1 . 3

$ o f  T otal D iv is io n s
in  Metanhase 16 .3  d l  0 .7  l 6 .1  i 2 , l  19*7 ± 1 * 0

$ o f  T ota l D iv is io n s
in  Postm etaphase 17*3 i  0 .7  1 6 .6  ± 0 . 9  13*8 ± .1 .2

$  o f  D iv is io n s
Abnormal 1 .2  ± . 0 . 2  1 .3  ^  0 .4  4 .0  ± 0 . 6
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an ord in ary  la b o ra to ry  m etal s t i l l  a s  so lv en t in  order to determ ine  

i f  e f f e c t iv e  dosage th resh o ld s  v a r ie d  from th ose found u s in g  q u a rter -  

s tr e n g th  Hoagland s o lu t io n . In the case o f  strep tom ycin , where a 

wide d iscrep an cy  was found to e x i s t ,  a run was made w ith  h a lf - s tr e n g th  

Hoagland to fu r th e r  exp lore th is  d iscrep an cy .

Runs were planned w ith  the goa l o f  t e s t in g  each drug over  a 

range o f  co n cen tra tio n s  wide enough th a t , a f t e r  e ig h t  hours o f  tr e a t ­

ment, the e f f e c t s  would range from com plete n e c r o s is  a t  one extrem e 

to in s ig n i f ic a n t  d e v ia t io n  from e ig h t  hour co n tr o l s l id e s  a t  the 

o th er  extrem e. T his proved im p ra c tica l in  sev e r a l c a se s . The 

l e t h a l  th resh o ld  o f  c o lc h ic in e  was never a sc e r ta in e d , as i t  was 

d ec id ed  th at the in form ation  to be gained  was not worth the ex­

p en d itu re  o f  r e la t iv e l y  la rg e  q u a n t it ie s  o f  t h is  exp en sive drug.

In  the case  o f  A c ti-d io n e  the p r e c is e  low er l im it  o f  c y to lo g ic a l  

e f f e c t iv e n e s s  was not determ ined. Runs made a t  co n cen tra tio n s  a s  

low a s  0 .2  ppm showed w e ll d e fin ed  r e a c t io n s . A fu rth er  problem  

was encountered w ith  the l a t t e r  drug in  th a t, even a t  the lo w est  

d osages te s te d , i t s  a c t io n  in  red ucing frequency o f  d iv is io n s  was 

so e f f e c t iv e  th a t by e ig h t hours c y to lo g ic a l  a n a ly s is  was ex trem ely  

d i f f i c u l t  due to the s c a r c ity  o f  d iv is io n  f ig u r e s .  For th is  

reason  the e f f e c t s  o f  d if fe r e n t  co n cen tra tio n s o f  A c ti-d io n e  were 

s tu d ie d  a f t e r  fou r  hours o f  treatm ent rather than a f t e r  e ig h t  hours.

A fte r  the e f f e c t s  o f  vary in g  the co n cen tra tio n  o f  a drug had 

been s tu d ied , runs were made to in v e s t ig a te  changes occu rr in g  w ith  

tim e when a t y p ic a l ly  e f f e c t iv e  dose o f  the drug was a p p lie d . For 

t h i s  purpose a dose was s e le c te d  which e x h ib ite d  a h igh  degree o f
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c y t o lo g ic a l  e f f e c t iv e n e s s ,  "but which was "below the le v e l  o f  com­

p le t e  l e t h a l i t y  a f t e r  e ig h t  hours o f  treatm ent. In such runs 

c o l l e c t io n s  were made a t  the end o f  1, 2, 3» 8 hours

o f  treatm ent.

C. C y to lo g ic a l Exam ination

A ll  exam ination  o f  s l id e s  was done w ith  a 90X o i l  immersion  

o b j e c t iv e  and 1 2 .5X o c u la r s . C r i t ic a l  i l lu m in a t io n  o f  th e s l id e  

was p rovid ed  "by a ribbon fila m en t lamp w ith  a type B green f i l t e r  

betw een the lamp and the m icroscope m irror.

Where o n ly . q u a lita t iv e  in form ation  concerning e f f e c t s  was de­

s ir e d  sev e r a l w id e ly  sep arate s t r ip s  o f  the s l id e  were c a r e fu l ly  

examined by tra ck in g  a cro ss  the e n t ir e  s l id e  u s in g  the h o r iz o n ta l  

adjustm ent o f  the m echanical sta g e  o n ly . C arefu l n o tes  were taken  

on apparent frequency o f  d iv is io n  f ig u r e s , typ es and p reva len ce  o f  

a b n o rm a litie s  and f i n a l l y  ev id en ces  o f  n e c r o t ic  changes in  both  

d iv i s io n  f ig u r e s  and r e s t in g  n u c le i .

Where q u a n tita t iv e  data were d e s ire d , t h is  procedure was r ig id ly  

sta n d a rd ized . The s l id e  was examined sy s te m a t ic a lly  in  h o r iz o n ta l  

s t r ip s  as b e fo r e , but ex tra  care was used to in su re  that an unbiased  

sample was examined, d e sp ite  the fa c t  th at w ith  good s l id e  prepa­

r a t io n  one can ex p ect a r e la t iv e ly  random d is tr ib u t io n  o f  the d i f ­

fe r e n t  p o r tio n s  o f  the root t ip  over the e n t ir e  s l id e .  Hever l e s s  

than th ree  com plete track s a cro ss  the s l id e  were examined, d is ­

tr ib u te d  approxim ately  one q u arter , one h a lf ,  and th ree q u arters  

o f  the way down the 22 x 22 ram cover  g la s s .
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T his exam ination  c o n s is te d  o f  keep ing a ccu ra te  count o f  a l l  

d iv i s io n  f ig u r e s  seen . D iv is io n  f ig u r e s  were scored  by f i r s t  

d e c id in g  to which o f  the f iv e  gen era l s ta g e s  o f  m ito s is  th ey  

corresponded. These were somewhat a r b i t r a r i ly  d e fin ed  a s  prophase, 

m idprophase, prom etaphase, metaphase and postm etaphase. 3Polloxd.ng 

t h i s  d e c is io n , i t  was then determ ined whether or  not the f ig u r e  in  

q u e s tio n  was normal. I f  abnormal, a fu rth er  d e c is io n  had to be 

made a s  to which o f  sev e r a l predeterm ined typ es o f  a b n o rm a litie s  

th e f ig u r e  corresponded. This procedure was continued  u n t i l  a 

minimum o f  one hundred d iv is io n  f ig u r e s  had been examined per  

s l i d e ,  excep t in  the case  o f  6 and 8 hour A c ti-d io n e  s l id e s ,  where 

f i f t y  and th ir ty - th r e e  f ig u r e s  r e s p e c t iv e ly  were examined a s  a 

minimum due to the extrem e s c a r c ity  o f  d iv i s io n s .

At the same tim e as the exam ination o f  d iv i s io n  f ig u r e s  was 

b e in g  c a rr ie d  o u t, a count was kept o f  r e s t in g  n u c le i u n t i l  ap­

p ro x im a te ly  1500 had been counted. At t h is  tim e the r a t io  o f  d iv i ­

s io n  f ig u r e s  to t o t a l  c e l l s  examined was c a lc u la te d . A count o f  

a l l  a b n o rm a litie s  seen  in  the r e s t in g  n u c le i such as ra icron u cle i, 

u n u su a lly  shaped or  o b v io u sly  p o ly p lo id  c e l l s  was a ls o  k ep t.

Data taken in  th ese  s tu d ie s  are summarized in  Appendix T ables  

I to VII and form the b a s is  fo r  a l l  q u a n tita t iv e  a n a ly s is  o f  the  

c y t o lo g ic a l  e f f e c t s .

D. Scone o f  I n v e s t ig a t io n

The e f f e c t s  o f  c o lc h ic in e , A c ti-d io n e  and strep tom ycin  s u l­

fa t e  were s tu d ied  q u a n t ita t iv e ly  on both a co n cen tra tio n  and a 

tim e b a s is .  The s e v e r a l runs w ith  dihydro strep tom ycin  s u lfa t e



"boro so s t r ik in g  a resem blance to the strep tom ycin  s u lfa t e  runs 

th a t o n ly  q u a l i t a t iv e  s tu d ie s  were ca rr ied  ou t. R esu lts  w ith  both  

s y n th e t ic  and ferm en ta tion  Chlorom ycetin, w h ile  in t e r e s t in g ,  

proved , a s  w i l l  be su b seou en tly  d isc u sse d , im p ra c tica l to score  

on th e  b a s is  used  w ith  the o th er  drugs and o n ly  q u a lita t iv e  data  

were ob ta in ed .
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OBSERVATIONS

The f i r s t  p o r tio n  o f  the fo llo v d n g  o b serv a tio n s  

c o n s is t s  o f  a com parative stud y o f  the q u a n tita t iv e  data  

ob ta in ed  from c o lc h ic in e ,  strep tom ycin  s u l f a t e  and A c t i-  

dion e trea tm en ts. F o llow in g  th is  the q u a lita t iv e  in ­

form ation  ob ta in ed  from the ch lorom ycetin  and dihydro­

strep tom ycin  treatm ents w i l l  be p resen ted  se p a r a te ly .

A. Frequency o f  D iv is io n s  

C o lch ic in e

C olch ic in e  dosages o f  30 ppm and above fo r  e ig h t  hours caused  

s ig n i f i c a n t  in c r e a se s  in  frequency o f  d iv is io n  f ig u r e s  over zero  

hour c o n tr o ls , and i t  i s  l i k e l y  th a t th is  e f f e c t  occurred  a t  dosages 

a s  low  a s  15 ppm (T ext f i g s .  2A, 3A). The e f f e c t  o f  in c r e a s in g  

dosage on in crea se  in  d iv is io n  f ig u r e s  appeared to be a geom etric  

one w ith in  the range o f  10 ppm to a t  l e a s t  50 ppm, the data in ­

d ic a t in g  th at d ou b lin g  the dose in crea sed  d iv is io n s  by a r e la t iv e l y  

c o n sta n t amount (rou gh ly  120 d iv is io n s  per 10 ,000  c e l l s ) .

By three hours a  dose o f  50 ppm r e su lte d  in  a s ig n i f ic a n t  i n ­

crea se  o f  d iv is io n  f ig u r e s  (Text f i g s .  5A, 6A ), While the bulk  

o f  t h i s  in crea se  i s  accounted fo r  by an in crea se  in  the number o f  

metapha.ses , th ere  i s  good reason to suspect th a t a l l  s ta g e s  share  

in  the in c r e a se . In  t h is  r esp ec t i t  was found th a t prophases in  

some e ig h te e n  s l id e s  rep resen tin g  treatm ent w ith  50 ppm fo r  th ree  

to  e ig h t  hours showed an in crea se  in  frequency s ig n i f ic a n t  a t  the 

th ree  p er  cen t l e v e l  over zero hour co n tr o ls  (Table I I ) .
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TABLE II

FREQUENCY OF DIVISIONS IN COLCHICINE TREATED 

ROOT TIPS COMPARED WITH CONTROLS

D iv is io n s  in  D iv is io n s  L ater
No. o f  Prophase p er  than Prophase
S lid e s  10 ,000  C e lls  p er  10 ,000 C e lls

Zero Hour
C o n tro ls  30 3 3 1 .5  1 3 .4  1 6 1 .5  7 -5

50 ppm mC o lch ic in e  18 h 07 .3  3*1 338. h 1 9 . 3 '^ '
3 to  8 h rs .

(1 ) D iffer en ce  from c o n tr o ls  probably s ig n i f ic a n t

(2 ) D iffer en ce  from c o n tr o ls  h ig h ly  s ig n i f ic a n t

A c ti-d io n e

A c ti-d io n e , in  c o n tra st to  c o lc h ic in e  r e s u lte d  in  very  s i g ­

n i f ic a n t  d ecrea ses  in  d iv is io n  frequency “by fou r hours a t  a l l  

co n cen tra tio n s  t e s t e d  (Text f i g s .  233, 3®)- Maximum e f f e c t iv e n e s s  

a t  fo u r  hours was e x h ib ite d  by co n cen tra tio n s  o f  1 and A ppm. I t  

fu r th e r  appears th a t 16 ppm was s ig n i f i c a n t ly  l e s s  e f f e c t iv e  in  

t h i s  r e sp e c t than a l l  low er con cen tra tio n s te s te d .

By one hour a dosage o f  6 ppm r e su lte d  in  a s tr ik in g  d ecrease  

in  frequency and by s ix  hours the number o f  d iv is io n  f ig u r e s  p er  

s l id e  dropped to such a low valu e th at c y to lo g ic a l  a n a ly s is  became 

d i f f i c u l t  (Text f i g s .  5®, 633).

Streptom ycin

Streptom ycin s u lfa t e  in  gen era l e f f e c t e d  a red u ction  in  number
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o f  d iv i s io n s ,  "but n o t n ea r ly  as sev e r e ly  a s  d id  A c ti-d io n e . Con­

c e n tr a t io n s  o f  100 ppm and above showed s ig n i f i c a n t  d ecrea ses  by 

e ig h t  hours (T ext f i g s .  20, 3C). I t  was not u n t i l  s ix  hours o f  

treatm ent w ith  75 ppm th a t a s ig n i f i c a n t  decrease was observed  

(T ext f i g s .  50 , 6 0 ).

C la s s i f i c a t io n  o f  A berrations  

Pronhase

G enerally  speak ing, prophase f ig u r e s  in  c o lc h ic in e  tr e a te d  

m a ter ia l showed no more d e v ia tio n s  from a normal appearance than  

d id  c o n tr o l m a te r ia l. Prophases in  A c ti-d io n e  m a ter ia l on the  

o th er  hand showed v ery  marked d e v ia tio n s  from normal; in  f a c t ,  a t  

moderate dosages the bulk o f  A c ti-d io n e  a b erra tio n s  occurred in  

t h i s  s ta g e . Streptom ycin e f f e c t s  in  prophase in  gen eral resem bled  

th o se  produced by A c ti-d io n e , but a s  a ru le  d id  not approach the  

same in t e n s i t y  o f  ex p ress io n  or  h ig h  frequency.

Prophase a b erra tio n s  observed in  th ese treatm ents can be 

p la c e d  in  th ree  gen era l c a te g o r ie s .  The most s t r ik in g  abnorm ality  

i s  o v e rc o n tra c tio n . T y p ica lly  chromosomes in  such a c e l l  are o r i­

en ted  to form a h o llow  sphere a s  i f  contained  in  an in ta c t  n u clea r  

membrane in  normal midprophase arrangem ent. In the type o f  ov er-  

c o n tr a c tio n  d es ig n a ted  as ”b a l l  prom etaphase1' (P la te  IV, P ig s . 7 , 8 ) ,  

chromosomes are co n tra cted  to normal prometaphase or metaphase 

le n g th  and in  the type d esign ated  as  "overcontracted  prom etaphase11 

(P la te  IV, P ig s . 9 , 10) chromosomes are d e f in i t e ly  sh o r ter  than  

th o se  o f  a normal metaphase. Such f ig u r e s  show no ev idence o f  the  

disappearance o f  n u clea r  membrane and the clumping o f  chromosomes
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in  th e cen te r  o f  the c e l l  c h a r a c t e r is t ic  o f  the normal prom eta- 

phase (P la te  I ,  P ig s . 7 , 8 , 9 ) .

In  co n tro l and c o lc h ic in e  a f f e c t e d  m a te r ia l, such overcon­

tr a c t io n  was noted  but r a re ly  and then on ly  in  the m ild est degree, 

but both  typ es were abundant in  A c ti-d io n e  trea tm en ts. B a ll  p ro -  

m etaphases were m oderately  freq u en t in  streptom ycin  a f f e c te d  

s lid e s^ b u t c o n tr a c tio n  ap p aren tly  r a r e ly  proceeded to the p o in t  o f  

prod u cin g  s ig n i f i c a n t  numbers o f  overcon tracted  pro me tap b ases.

The second im portant ca tegory  o f  prophase abnorm ality w i l l  be 

d e s ig n a te d  as  " rev er tin g  prophase" (P la te  IV, P ig s , b, 5» 11. 1 2 ). 

W hile by d e f in i t io n  o v ercon tracted  prophases o f  e i th e r  type can 

o n ly  occur in  prom etaphase, r ev ersio n  appears to occur a t  any time 

from e a r ly  prophase to prom etaphase. T y p ic a lly , chromosomes in  

such f ig u r e s ,  w hile  r e ta in in g  good prophase o r ie n ta t io n , become 

d if fu s e  and tend to lo s e  p r e c is e  o u t l in e . R elax in g  o f  c o i l in g  

occu rs and r e la t io n a l ly  c o ile d  double chromonemata freq u en tly  be­

come c le a r ly  v i s i b l e .  When severe  rev ersio n  occu rs, i t  i s  seen  in  

a com plete s e r ie s  o f  ex p ressio n  from near normal prophases to c e l l s  

which have what appear to be r e s t in g  n u c le i w ith  ju s t  a su g g e stio n  

o f  prophase chromosome arrangement (P la te  IV, P ig . 6 ) .

R evertin g  prophases were seldom encountered in  co n tro l and 

c o lc h ic in e  m a te r ia l, but were m oderately frequent in  strep tom ycin  

s l id e s  and, excep t fo r  o v ercon tracted  prophases, were the most 

freq u en t a b erra tio n  found in  A c ti-d io n e  a f f e c te d  c e l l s .

The f in a l  prophase anomaly o f  s ig n if ic a n c e  i s  d esig n a ted  a s  

"pyknosis". P yk n otic  prophases (P la te  VI, P ig s . 11, 12) assume a
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v a r ie t y  o f  form s, some o f  which when m ild ly  exp ressed , are d i f f i ­

c u l t  to sep arate  from rev ersio n  proph ases. In g en era l, the p ic tu r e  

i s  one o f  n u clea r  d is in te g r a t io n  and chromosomal deform ation , 

s t ic k in e s s ,  m e ltin g  or  fu s in g . O ften c o i l in g  "becomes c lea .r ly  v i s i ­

b le  (P la te  VI, P ig . 1 1 ) . P yk nosis in  prophase i s  in v a r ia b ly  ac­

companied by s im ila r  phenomena in  a l l  o th er  s ta g e s  as w e ll  a s  in  

a d ja cen t r e s t in g  n u c le i .

At the dosages u sed  fo r  the runs from which q u a n tita t iv e  data  

were drawn p yk n osis  in  prophase was alm ost n o n -e x is te n t ex cep t fo r  

strep tom ycin  treatm ents where i t  was m oderately frequent a t  the  

h ig h e s t  dosages.

Meta-phase

In co n tra st to  i t s  e f f e c t  on prophase A c ti-d io n e  produced  

r e la t iv e l y  few metaphase f ig u r e s  o f  extreme abnorm ality . On the  

o th er  hand, m etaphases a f f e c te d  by c o lc h ic in e  bore l i t t l e  or no 

resem blance to c o n tro l m etaphases. Streptom ycin, l ik e  A c ti-d io n e ,  

produced a much low er p rop ortion  o f  aberrant metaphases than d id  

c o lc h ic in e .

Aberrant metaphase f ig u r e s  seen  in  th ese  s tu d ie s  f a l l  in to  

th ree gen era l c a te g o r ie s .  The f i r s t  are d esig n a ted  "overcontracted  

m etaphases" (P la te  IV, P ig s . 13 , 1 4 ) . In such fig u r e s  the chromo­

somes have normal o r ie n ta t io n  on an eq u a to r ia l p la t e ,  but are  

markedly o v ercon tracted  in  comparison to normal metaphase chromo­

somes (P la te  I ,  P ig s . 10, 1 1 ).

The second and most s tr ik in g  so rt o f  abnormal metaphase i s  

d e s ig n a te d  as " a k in e tic  metaphase". In such f ig u r e s  chromosome
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le n g th  may be the same or sh o r ter  than th a t o f  normal metaphase 

chromosomes. No arrangement on an e q u a to r ia l p la t e  has taken  

p la c e  d e sp ite  the fa c t  th a t chrom atid arms show some sep a ra tio n  

w ith  o n ly  the k in e  to chore h o ld in g  the chrom atids to g e th er . A ctual 

lo c a t io n  o f  the chromosomes in  the c e l l  may vary from sc a t te r e d  

(P la te  V, P ig . 2) to  clumped (P la te  I I ,  P ig s . 6 , 7» &)•

The f in a l  ca teg o ry  o f  m etaphases f a l l s  under the heading o f  

p k y n o s is . '^Pyknotic metaphases" l ik e  pyk n otic  prophases are r a r e ly  

seen  ex cep t in  company w ith  p yk n otic  r e s t in g  n u c le i  and o th er  

s ta g e s .  These f ig u r e s  rep resen t n u clear  d is s o lu t io n  and d egen eration  

and the p ic tu r e  i s  one o f  fu s in g , amorphous chromosomes u s u a lly  

clumped in  a h ig h ly  a lv e o la r  mass (P la te  V II, P ig . 6 ) .

G enerally  speak ing, metaphases s tr o n g ly  a f f e c t e d  by c o lc h i­

c in e  were c lo s e  to 100$  a k in e t ic  w ith  the o th er anom alies appearing  

r a r e ly  i f  a t  a l l .  Streptom ycin a f f e c te d  t is s u e  showed o c ca s io n a l  

a k in e t ic  m etaphases and o cca s io n a l o v erco n tra c tio n . A c ti-d io n e  a f ­

fe c te d  metaphases were r a re ly  a k in e t ic  but o v erco n tra c tio n  was 

common. P yknosis was r a re ly  caused by any o f  the drugs a t  th e con­

c e n tr a t io n s  used  fo r  the q u a n tita t iv e  runs excep t o c ca s io n a l pyk­

n o t ic  m etaphases in  the streptom ycin  te s te d  m a ter ia l.

Postm etanhase

As w ith  m etaphases, the grea t m ajority  o f  postm etaphases in  

c o lc h ic in e  a f f e c te d  m a ter ia l were very  d if fe r e n t  in  appearance from 

th o se  in  c o n tr o ls . A c ti-d io n e  and streptom ycin  tr e a ted  m a ter ia l  

p r esen ted  few er and fa r  l e s s  s t r ik in g  a b erra tio n s a t  t h is  sta g e  

than were produced by c o lc h ic in e  treatm en ts.
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At t h is  sta g e  a b erra tio n s  were d iv id ed  in to  fou r more or l e s s  

d i s t i n c t  groups. On o cca s io n  the f i r s t  two groups w i l l  be r e fer re d  

to  as a s in g le  broad c la s s — " a k in e tic  postm etaphases" . In u n ip o la r  

f ig u r e s  the e n t ir e  41T complement o f  chromosomes forms a s in g le  more 

or l e s s  clumped group ra th er  c e n t r a l ly  lo c a te d  in  the c e l l .  In such 

c e l l s  chromosomes range from n ea r ly  normal in  le n g th  to co n sid era b ly  

o v erco n tra c ted  (P la te  I I ,  P ig s . 11 , 12 , 15, l 6 ) .  I t  was o f te n  d i f f i ­

c u lt  on a n a ly s is  to d is t in g u is h  such a  c e l l  from a clumped a k in e t ic  

m etaphase.

The second c la s s ,  d esig n a ted  "d isorganized  postm etaphases" , 

in c lu d e s  a l l  d e v ia t io n s  from normal anaphase or te lop h ase  separa­

t io n  and grouping excep t those f ig u r e s  which can be s t r i c t l y  

c l a s s i f i e d  a s  u n ip o la r . Thus unequal or m u ltip o la r  groupings, 

b r id g e s , la g g in g  chromosomes and random s c a t te r in g  f a l l  in to  t h is  

c la s s  (P la te  I I ,  P ig s . 9> 10, 13» 1 4 ).

The th ir d  c la s s  " overcontracted  p o s tm e ta p h a s e s in c lu d e s  those  

f ig u r e s  in  which chromosomes have sep arated  in to  two equal w e ll o r i­

en ted  groups, but where chromosomes are s tr o n g ly  o v erco n tracted  com­

pared to normal postm etaphase chromosomes (P la te  IV, P ig s . 15 , 1 6 ).

The f in a l  ca teg o ry , a lm ost n o n -e x is te n t  a t  the dosages em­

p loyed  fo r  the q u a n tita t iv e  s tu d ie s , i s  that o f  "pyknotic postm eta­

p h ases" . Such postm etaphases, l ik e  p yk notic  f ig u r e s  in  prophase 

and m etaphase, c o n s is t  o f  a v a r ie ty  o f  d e te r io r a t in g  n e c r o t ic  forms. 

(P la te  V, P ig s . 15, 1 6 ).

In gen era l c o lc h ic in e  treatm ent r e su lte d  in  an abundance o f  

u n ip o la r  and to a l e s s  ex ten t d iso rg a n ized  postm etaphases. On the



-2 9 -

o th er  hand, ov erco n tra cted  postm etaphases w ith  th e ir  normal grouping  

and o r ie n ta t io n  o f  chromosomes were never found in  c o lc h ic in e  a f ­

f e c t e d  m a te r ia l, but formed the p r in c ip le  a b e r ra tio n  in  A c ti-d io n e  

tr e a te d  m a ter ia l. E xcept a t  the h ig h e s t  c o n c en tr a tio n s , u n ip o la r  

and d iso rg a n ized  postm etaphases r e s u lte d  o n ly  in fr e q u e n tly  from 

A c ti-d io n e  treatm en t. Streptom ycin showed on ly  in freq u en t abno3>- 

m a l i t ie s  in  t h i s  sta g e  a t  the dosages used , ov erco n tra cted , u n i­

p o la r  and d iso rg a n ized  f ig u r e s  b e in g  seen  a t  the lo n g er  tim es and 

h ig h er  d osages.

R e stin g  N u cle i

D ev ia tio n s  o f  r e s t in g  n u c le i can be sep arated  in to  two 

p r in c ip le  c la s s e s .  The most in t e r e s t in g  o f  th ese  are those where 

the chrom atin has become d is tr ib u te d  in  m icro n u c le i. Except in  

recovered  m a ter ia l c y to k in e s is  r a r e ly  occurs to  form m icro cy tes . 

B in u c le a te  c e l l s  w ith  or w ithout e q u a lity  in  the s iz e  o f  n u c le i  

and c e l l s  w ith  g ro tesq u e ly  shaped, b ilo b ed  or m u ltilo b ed  n u c le i  

were fr e q u e n tly  observed a f t e r  some treatm ents and appear to be­

lo n g  to t h is  same ca teg o ry  (P la te  I I I ,  P ig s . 1, 2 ) .  A ll  the p r e -  

ceed in g  types were seen  in  c o lc h ic in e  tr e a ted  m a ter ia l, but were 

not found a f t e r  any o f  the o th er  treatm ents in  any s ig n i f ic a n t  

frequency.

The second c la s s  o f  aberrant r e s t in g  n u c le i  are d es ig n a ted  as  

p y k n o tic . Here the appearance ranges from r e s t in g  n u c le i w hich are  

sm a ller  than any found in  c o n tr o ls  and are very  h e a v ily  s ta in e d  

(P la te  V II, P ig . 3 ) ,  to n u c le i in  which the chrom atic m a ter ia l has 

condensed in to  a v a s t  number o f  t in y  d ro p le ts  which may be arranged
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more or l e s s  h is  co n tin u o u sly  in to  strands l ik e  s tr in g s  o f  beads 

(P la te  VI, P ig . 1 2 ) . At degrees o f  n e c r o s is  between th ese  extrem es 

th e  c o i l in g  o f  the chromonemata i s  o f te n  c le a r ly  v i s i b l e  in  p o r tio n s  

o f  the d egen era tin g  n u c le i .

P yk nosis was not encountered in  r e s t in g  n u c le i  o f  c o lc h ic in e  

t r e a te d  m a te r ia l, and on ly  r a r e ly  d id  A c ti-d io n e  cause i t  a t  doses  

below  16 ppm. I t  was encountered f a i r l y  fr e q u e n tly  in  most s tr e p to ­

mycin tr e a te d  m a ter ia l.

P o lv n lo id v

E xcept fo r  some o b v io u sly  p o ly p lo id  r e s t in g  n u c le i seen  

a f t e r  c o lc h ic in e  trea tm en ts, none o f  the drugs a t  the end o f  e ig h t  

hours had produced any s ig n i f ic a n t  v i s ib le  ev id en ce o f  p o ly p lo id y .

In  recovered  m a ter ia l on ly  c o lc h ic in e  treatm ents produced s ig ­

n i f ic a n t  amounts o f  p o ly p lo id  d iv is io n  (P la te  I I I ,  F ig s . 3* 4 , 5> 6 ).  

However, inasmuch a s  q u a n tita tiv e  a n a ly s is  was not made o f  re­

covered  m a ter ia l, no c la s s i f i c a t i o n  o f  the e x p ress io n  o f  t h is  

phenomenon was attem p ted .

C. Range o f  T o x ic ity

R e su lts  o f  the- in v e s t ig a t io n  o f  the dosage l e v e l s  req u ired  to  

produce c y to lo g ic a l  d e v ia tio n s  from normal and to perm anently k i l l  

the t i s s u e s  are summarized in  Table I I I .  S evera l item s o f  in te r ­

e s t  were brought out by th is  phase o f  the in v e s t ig a t io n .

C onsiderably h igh er  doses o f  a l l  drugs excep t c o lc h ic in e  were 

req u ired  to produce the same l e v e l  o f  e f f e c t s  when Hoagland so lu ­

t io n  in s te a d  o f  d i s t i l l e d  w ater was used as  the drug so lv e n t .

T his e f f e c t  was most marked by fa r  in  the streptom ycin  trea tm en ts,
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where from fo r ty  to e ig h ty  tim es the dosage was req u ired  in  h a lf ­

s tr e n g th  Hoagland s o lu t io n  a s  in  d i s t i l l e d  w ater. For A c ti-d io n e  

and Chlorom ycetin approxim ately  tw ice  the dosage was req u ired  in  

q u a r te r -s tr e n g th  Hoagland s o lu t io n  as in  d i s t i l l e d  w ater, whereas 

f o r  strep tom ycin  approxim ately  f i f t e e n  tim es the dosage was req u ired . 

The p o s s i b i l i t y  th a t t h is  e f f e c t  was due to pH d if fe r e n c e s  was 

r u le d  out by the fa c t  th at in  q u a rter -s tren g th  Hoagland s o lu t io n  

no e f f e c t s  were observed a f t e r  e ig h te e n  hours o f  treatm ent w ith  

100 ppm strep tom ycin  even though by e ig h t hours, due to the l im ite d  

b u ffe r  c a p a c ity  o f  the quarter s tren g th  Hoagland s o lu t io n , the pH 

had dropped to 5*0, the id e n t ic a l  pH found in  the 10 ppm s tr e p to ­

m y c in - d is t i l le d  w ater s o lu t io n  which was extrem ely to x ic  by e ig h t  

h ou rs.

I t  i s  fu r th er  to be noted  th a t there was no - s ig n if ic a n t  d i f ­

fe r e n c e s  in  e f f e c t iv e  dosage l e v e l s  o f  d ihydrostreptom ycin  com­

pared  to  strep tom ycin . S im ila r ly  sy n th e tic  and ferm en tation  

ch lorom ycetin  d id  not d i f f e r  from one another s ig n i f i c a n t ly  in  

t h is  r e sp e c t .

W hile q u a n t ita t iv e  c y to lo g ic a l  exam ination was not made o f  

s l id e s  scored  a s  recovered , th ey  were examined thoroughly enough 

to  draw the c o n c lu s io n  th a t, excep t fo r  root t ip s  tr ea ted  w ith  20 

ppm and stron ger  c o lc h ic in e  s o lu t io n s ,  s ig n if ic a n t  numbers o f  a b er ­

r a t io n s  were not p resen t a t  the end o f fo r ty -e ig h t  hours o f  recovery . 

P o ly p lo id y  in  c o lc h ic in e  m a ter ia l by th is  time was o fte n  extrem e. In 

some root t ip s  g ia n t c e l l s  th a t had undergone th ree  and perhaps fou r  

d iv is io n s  w ith out c y to k in e s is  were not rare (P la te  I I I ,  P ig s . 5 j &)•
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D. Changes in  E f f e c t s  w ith  V a r ia tio n  in  Dosage

E igh t hours treatm ent w ith  c o lc h ic in e  a t  co n cen tra tio n s  from  

5 to  50 ppffl* fo u r  hours treatm ent w ith  A c ti-d io n e  a t  co n cen tra tio n s  

from 0 .2  to l 6 .0  ppm and e ig h t hours treatm ent w ith  strep tom ycin  

s u l f a t e  a t  co n cen tra tio n s  from 50 to 200 ppm form the b a s is  o f  th is  

phase o f  the in v e s t ig a t io n .

Appendix T ables I I ,  I I I ,  and IV s e t  fo r th  the c o n so lid a te d  

data o b ta in ed  from th ese  runs. Text f i g s .  2A to  2C g iv e  the abso­

lu t e  number o f  f ig u r e s  fo r  each s ta g e  fo r  the sev e r a l concentra^* 

t io n s  te s te d  o f  each drug. Text f i g s .  *4A through hC show the  

v a r ia t io n  w ith  dosage o f  the r e la t iv e  p rop ortion s o f  each sta g e  

and the r e la t iv e  p rop ortion s o f  each type o f  abnorm ality .

C o lch ic in e  (P la te s  I I  and I I I )

I t  i s  dou btfu l th at any e f f e c t s  o f  consequence can be demon­

s tr a te d  fo r  c o lc h ic in e  a t  co n cen tra tio n s below 15 ppm. E xcept fo r  

a sm all number o f  a k in e t ic  m etaphases, o f  perhaps q u estio n a b le  s i g ­

n if ic a n c e ,  a t  both 5 10 ppm t o t a l  frequency o f  d iv is io n , r e la ­

t iv e  p rop ortion s o f  the sev era l s ta g e s  and in c id en ce  o f  a b erra tio n s  

were n ot a p p rec ia b ly  a lte r e d  from c o n tr o ls .

At 15 ppm and above se v e r a l well-m arked ten d en cies  can be d is ­

cerned . The in crea se  in  d iv is io n  frequency from th is  p o in t on, 

fo r  th e  most p a r t , can be a t tr ib u te d  to an in crea sed  p rop ortion  o f  

m etaphases, but th ere  i s  a ls o  reason to su sp ect th a t a b so lu te  p ro-  

phase numbers in crea sed  s ig n i f i c a n t ly  as p r e v io u s ly  p o in ted  o u t. 

Metaphase and postmetapha.se e x h ib ite d  marked sp in d le  d istu rb an ces  

w hich in crea sed  w ith  co n cen tra tio n  up to 30 ppm a t  which p o in t
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s u b s t a n t ia l ly  a l l  m etaphases were a k in e t ic  and a l l  postm etaphases  

were u n ip o la r .

C o lch ic in e  doses o f  15 and 20 ppm d id  not a f f e c t  a l l  meta­

p h a ses  and postm etap hases. In a d d it io n  to both  normal and u n i­

p o la r  f ig u r e s  a t  th ese  dosages a s iz e a b le  p ro p o rtio n  o f  postm eta­

p h ases were m u ltip o la r . Furtherm ore, i t  was n oted  q u a l i t a t iv e ly  

th a t  many o f  the a k in e t ic  m etaphases were more or  l e s s  s c a t te r e d  

a s  w e ll  a s clumped in  arrangem ent. I t  i s  perhaps o f  in t e r e s t  in  

t h i s  co n n ectio n  th a t , o f  the s ix  con cen tra tio n s te s te d , 15 end 20 

ppm produced by fa r  the h ig h es t frequency o f  m icro n u c le i.

E xcept fo r  an in crea se  in  t o t a l  numbers, th ere was no e v i­

dence o f  s ig n i f ic a n t  d istu rb ance o f  prophases in  any way a t  any 

c o lc h ic in e  dosage l e v e l .

A c t i-d io n e  (P la te s  IV and V)

The sm a lle s t  dosage o f  A c t i-d io n e , 0 .2  ppm, te s te d  gave con­

s id e r a b le  ev id en ce o f  p h y s io lo g ic a l  a c t iv i t y  in  th a t i t  reduced  

the number o f  d iv is io n s  alm ost by h a l f  conpared w ith  c o n tr o ls .  

C y to lo g lc a lly  t h is  co n cen tra tio n  ap p aren tly  caused  a sm all but 

s ig n i f i c a n t  amount o f  o v erco n tra c tio n . As dosage was in crea sed  

se v e r a l ra th er  d e f in i t e  trends cou ld  be observed. E arly prophases  

d ecreased  in  r e la t iv e  p rop ortion  to the o th er  s ta g e s  u n t i l  th ey  

p r a c t ic a l ly  d isapp eared  a t  ^ to 8 ppm. The amount o f  prophase re­

v e r s io n  in crea sed  throughout the range o f  co n cen tra tio n s . Pro­

m etaphases showed the most in t e r e s t in g  changes a t  a l l  s ta g e s . By 

th e tim e a co n cen tra tio n  o f  1 ppm was reached, th ey  rep resen ted  

n e a r ly  fo r ty  p er  cen t o f  a l l  f ig u r e s  in  co n tra st to  th e ir  share o f
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l e s s  than ten  p er  cen t in  c o n tr o ls . This l e v e l  was m aintained  

throughout the r e s t  o f  the co n cen tra tio n  range. These la rg e  

numbers c o n s is te d  s u b s ta n t ia l ly  o f  b a l l  prom etaphases w ith  s i g ­

n i f i c a n t  o /u a n titie s  o f  o v erco n tra cted  and r e v e r t in g  n u c le i .

Metaphase and postm etaphase were ap p aren tly  much l e s s  d is ­

turbed than prophase by A c t i-d io n e . The r e la t iv e  frequency o f  

th e se  f ig u r e s  dropped s t e a d i ly  as dosage was in crea sed  to k  ppm; 

above t h is  co n cen tra tio n  th is  v a lu e  appeared to return to th a t  

o f  the c o n tr o ls . O vercon traction  in  th ese  s ta g e s  became in c r e a s ­

in g ly  freq u en t as dosage in crea sed  and l i t t l e  sp in d le  d istu rb an ce  

cou ld  be d e te c te d  u n t i l  a dosage o f  16 ppm was reached. At t h i s ,  

the h ig h e s t  dose t e s t e d ,  a s ig n i f ic a n t  number o f  a k in e t ic  meta­

p h ases was found. A lso , a t  t h is  dosage, an in crea se  in  the pro­

p o r t io n  and a b so lu te  number o f  metaphases a s  w e ll  a s  a d ecrease  

in  p ro p o rtio n  and a b so lu te  number o f  postm etaphases occurred. An 

in t e r e s t in g  q u a lita t iv e  d if fe r e n c e  noted in  metaphases scored  as  

"normal” and a s  "overcontracted" in  m ater ia l tr e a te d  a t  16 ppm 

was th a t the chromosomes in  a t  l e a s t  h a lf  o f  th e se , though o r i ­

en ted  norm ally on a p la t e ,  showed wide sep a ra tio n  o f  chrom atid  

arms and were h e ld  to g e th er  o n ly  a t  the k in etoch ore (P la te  V,

P ig . 1 ) .  Such a co n d itio n  was n ever encountered in  co n tro l ma­

t e r i a l  and o n ly  o c c a s io n a lly  a t  low er dosages. Metaphases scored  

a s  " a k in etic"  were fo r  the most p a rt o f  the s c a t te r e d  type ra th er  

than clumped (P la te  V, P ig . 2 ) .

I t  should be re-em phasized a t  th is  p o in t th a t pea root m eri-  

stem s tr e a te d  w ith  k ppm A c ti-d io n e  have been recovered  and showed
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no s t r ik in g  a b n o rm a litie s  fo r ty -e ig h t  hours a f t e r  removal from 

the drug. M ateria l tr e a te d  w ith  16 ppm showed o c ca s io n a l p a tch es  

o f  p y k n o tic  c e l l s  a t  the end o f  the fou r hours o f  treatm ent and 

reco v ery  was not ob ta in ed .

Streptom ycin  (P la te  VI)

E xcept fo r  the in c r e a s in g ly  low er frequency o f  d iv is io n s  and 

the s l i g h t l y  low er r a t io  th a t e a r ly  prophase bore to the r e s t  o f  

the s ta g e s  in  the 100 and 150 ppm treatm en ts, no s ig n if ic a n t  

e f f e c t s  were noted  in  the range o f  dosage from 50 to 150 ppm.

At 175 and 200 ppm the same gen eral p a tte r n  occurred as  in  

th e  A c ti-d io n e  tr e a te d  m a ter ia l. E arly  prophases decreased  and 

prom etaphases showed some o v erco n tra c tio n . R eversion  occurred  

fr e q u e n t ly . At the h ig h e s t  dosage, 200 ppm, a marked d ecrease  

in  the p rop ortion  o f  postm etaphases was noted . P yknotic r e s t in g  

n u c le i  were noted  a t  both co n cen tra tio n s and were abundant a t  

200 ppm. P yk notic  metaphases were p resen t in  s ig n if ic a n t  pro­

p o r tio n s  by 200 ppm.

With strep tom ycin  the LD^q dosage was found to be about 175 

ppm, whereas no recovery  was ob ta in ed  a f t e r  treatm ent fo r  e ig h t  

hours w ith  200 ppm. I t  should be p o in ted  out th a t w ith  A c ti-d io n e  

th ere  was a v ery  wide range o f  con cen tra tio n s ca u sin g  marked 

c y t o lo g ic a l  e f f e c t s  below le t h a l  dosage l e v e l s  and th at t h is  

s i t u a t io n  was not found to e x i s t  in  the case  o f  strep tom ycin . 

G eneral Summary

Text f i g s .  3A, 3® an& 3C summarize in  a gen era l way the 

d if f e r e n c e s  between c o lc h ic in e , A c ti-d io n e  and strep tom ycin  w ith



r e sp e c t  to  the e f f e c t  o f  changes in  dosage co n cen tra tio n s  on

(a ) the frequency o f  d iv is io n  f ig u r e s ,

(h ) the p ro p o rtio n  o f  a b n o rm a litie s  in  t o t a l  prophase and

(c )  the p ro p o rtio n  o f  a b n o rm a litie s  in  t o t a l  postp rop hase.

To supplement th ese  graphs, i t  may he sa id  that c o lc h ic in e  

in c r e a se d  the number o f  d iv i s io n s ,  p r in c ip a l ly  but not e n t ir e ly  by 

in c r e a s in g  p rop ortion  o f  m etaphases, a f f e c te d  prophases l i t t l e  i f  

any, and m od ified  metaphases and postm etaphases s t r ik in g ly  in  th a t  

sp in d le  co n tro l o f  chromosome arrangement was removed.

A c ti-d io n e , a t  doses below the le t h a l  l e v e l ,  decreased  number 

o f  d iv i s io n s  and a f f e c t e d  metaphases and postm etaphases on ly  in  

th a t a degree o f  o v erco n tra c tio n  cou ld  be noted . Prophase was 

ra th er  s e v e r e ly  m od ified  in  th a t e a r ly  prophases d isappeared, the 

p ro p o rtio n  o f  prom etaphases in crea sed  trem endously, r ev ersio n  was 

freq u en t and both  b a l l  and o v erco n tracted  prom etaphases appeared  

in  q u a n tity . A c ti-d io n e  could  e f f e c t  i t s  ty p ic a l  c y to lo g ic a l  

changes over a very  wide range o f  con cen tra tio n s below the l e t h a l  

dosage l e v e l .

Streptom ycin caused a l l  o f  the same e f f e c t s  as A c ti-d io n e ,  

but ex p r ess io n  was weaker. U nlike A cti-d io n e  l i t t l e  margin e x is t e d  

betw een the minimum dosage e f f e c t iv e  c y to lo g ic a l ly  and the l e t h a l  

dosage. P yknotic  e f f e c t s  were o f te n  noted p a r t ic u la r ly  in  r e s t in g  

n u c le i  a t  a l l  dosages causing  c y to lo g ic a l  e f f e c t s .
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E. Changes jja E f fe c t s  w ith  D uration o f  Treatment

C o lch ic in e  a t  50 PP®, A c ti-d io n e  a t  6 ppm and streptom ycin  

s u l f a t e  a t  175 PP^ were used  in  t h i s  phase o f  the in v e s t ig a t io n  in  

trea tm en ts ranging in  len g th  from one to e ig h t  hours.

Appendix Tables V, VI and VII s e t  fo r th  the co n so lid a te d  data  

o b ta in ed  from th ese  runs. Text f i g s .  to 50 g iv e  the a b so lu te  

number o f  f ig u r e s  fo r  each sta g e  a t  the sev e r a l tim es fo r  each  

drug. Text f i g s .  7A to 7® show the v a r ia t io n  w ith  time o f  the  

r e la t iv e  p rop ortion s o f  each sta g e  and o f  the r e la t iv e  p ro p o rtio n s  

o f  each  type o f  abnorm ality  on a com parative b a s is  fo r  each  drug. 

Text f i g s .  8A to 8E show the change w ith  time o f  the r e la t iv e  pro­

p o r t io n s  o f  each sta g e  fo r  each treatm ent compared w ith  the 95 p er  

cen t con fid en ce l im it s  o f  the v a r ia t io n  o f  each sta g e  in  co n tr o l  

ms. te  r i a l .

C o lc h ic in e  (P la te  IX, I I I )

A fte r  one hour treatm ent w ith  50 PPm c o lc h ic in e  a la r g e  

p ro p o rtio n  o f  the metaphases were seen  to be a k in e t ic  and more 

than o n e -th ir d  o f  postm etaphases e x h ib ite d  a degree o f sp in d le  

d istu rb an ce  as ev iden ced  by m u ltip o la r  anaphases, unequal groupings, 

la g g a rd s  and gen era l d iso r g a n iz a tio n . By two hours the propor­

t io n  o f  m etaphases had in creased  s u b s ta n t ia lly  a t  the expense o f  

the o th er  s ta g e s , however, no gen era l in crea se  in  d iv is io n  fr e ­

quency was n oted . S u b s ta n t ia lly  a l l  o f  the metaphases were a k in e t ic  

and tw o -th ird s  o f  the postm etaphases were u n ip o la r , the b alan ce  

b e in g  more or l e s s  d iso rg a n ized . At the end o f  fou r hours t o t a l  

d iv is io n  f ig u r e s  had in crea sed  a lm ost f i f t y  per cen t and the
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p r o p o r tio n  o f  m etaphases was double th at in  c o n tr o ls , a ccou n tin g  

fo r  most but probably not a l l  o f  the in crea se  in  number o f  d iv i s io n s .  

A ll  m etaphases were a k in e t ic ,  m ostly  o f  the clumped typ e, whereas 

a l l  postm etaphases were seen  to be u n ip o la r . At th is  p o in t  an equ i­

lib r iu m  was ap p aren tly  e s ta b lis h e d  and an a d d it io n a l fou r hours 

treatm en t brought about l i t t l e  change in  the o v e r a ll  p ic tu r e . No 

s ig n i f i c a n t  numbers o f  a b n o rm a litie s  or im portant s h i f t s  in  r e la t iv e  

p ro p o r tio n s  were observed in  the prophase s ta g e s  a t  any time during  

t h is  treatm ent excep t fo r  a moderate o v e r a ll drop in  p rop ortion s  

a s  m etaphase in crea sed  i t s  r e la t iv e  share o f  d iv is io n  f ig u r e s .  

A c ti-d io n e  (P la te  IV)

The e f f e c t  o f  6 ppm o f  A c ti-d io n e  was immediate and d r a s t ic .  

T ota l d iv is io n  frequency dropped to  l e s s  than tw o -th ird s o f  co n tro l  

v a lu e s  by one hour, th is  drop con tin u in g  s t e a d i ly  w ith  time u n t i l  

by e ig h t  hours there were about o n e -ten th  as many d iv is io n s  a s  in  

c o n tr o ls .  E arly  prophases dropped s im ila r ly  u n t i l  by fou r hours 

a l l  normal e a r ly  prophases had d isappeared. B a ll  prometaphases 

were much in  ev id en ce  a f t e r  one hour, and by two hours prometa­

ph ases had s ta r te d  to in crea se  in  p rop ortion  to a l l  o th er  s ta g e s  

which continued u n t i l ,  by e ig h t hours, aberrant prometaphases o f  

one so r t  or an oth er accounted fo r  more than sev en ty  per cen t o f  

a l l  d iv i s io n  f ig u r e s .  The im p ression  was one o f  c o n sta n tly  in ­

c r e a s in g  numbers o f  prophases showing in c r ea s in g  degrees o f  over­

c o n tr a c t io n  and disappearance o f  a l l  o th er  s ta g e s . A c tu a lly  by 

the end o f  e ig h t  h ou rs, in  s p ite  o f  the te n fo ld  d ecrease in  t o t a l  

numbers o f  d iv is io n s  seen , more f ig u r e s  were c la s s e d  as prom etaphases
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than in  c o n tr o ls . R eversion  o f  prophases was s ig n i f ic a n t  by two 

hours and r e v e r tin g  f ig u r e s  in crea sed  ra p id ly , becoming second o n ly  

to  v a r io u s  degrees o f  o v erco n tra c tio n  as a major abnorm ality . Meta­

p h ases and postm etap hases, showing l i t t l e  i f  any sp in d le  d istu rb a n ce, 

became overcon tracted  and decrea.sed in  p rop ortion s even more than was 

n e c e ssa r y  to account fo r  the g rea t in crea se  in  p rop ortion  o f  pro— 

m etaphases. I t  w i l l  be noted  th a t a f t e r  e ig h t  hours treatm ent w ith  

t h i s  dosage no d iv is io n  f ig u r e s  were scored  as normal, d e sp ite  the 

f a c t  th a t  such root t ip s  were noted  to be recovered  fo r ty -e ig h t  

hours a f t e r  removal from treatm ent.

Streptom ycin

As p r e v io u s ly  n oted , streptom ycin  s u lfa te  a f f e c te d  m a ter ia l 

shows the same o v e r a ll  frequency changes, k inds o f  a b erra tio n s  and 

changes in  r e la t iv e  p rop ortion s o f  a ta g es  as does m ater ia l tr e a te d  

w ith  A c ti-d io n e , but g e n e ra lly  w ith  co n sid erab ly  l e s s  in t e n s i t y  

o f  e x p r ess io n . This was su b sta n tia te d  in  th is  phase o f  the in ­

v e s t ig a t io n .  L i t t l e  o f  consequence was observed in  m ater ia l 

tr e a te d  w ith  175 PP^ streptom ycin  u n t i l  four hours o f  treatm ent. 

During the l a s t  fou r hours o f  treatm ent t o t a l  d iv is io n  frequency  

dropped, e a r ly  prophase decreased  and prometaphase in crea sed  in  

r e la t iv e  p ro p o r tio n s . In prophases rev ersio n s  became very  fr e ­

quent a s  d id  s l ig h t  o v erco n tra c tio n  as ev idenced  by b a l l  prometa­

p h ases which in crea sed  w ith  tim e. Metaphases and postm etaphases 

were l i t t l e  a lte r e d  from c o n tr o ls  except fo r  moderate overcon­

t r a c t io n ,  o c c a s io n a l sp in d le  f a i lu r e s  and a few pyknotic meta­

p h ases by e ig h t  hours o f  treatm ent.
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U en era l finrmng rrr

Text f i g s .  6a , 6b and 6C summarize in  a g en era l way the  

d if f e r e n c e s  between c o lc h ic in e , A c ti-d io n e  and strep tom ycin  w ith  

r e s p e c t  to the e f f e c t  o f  d u ration  o f  treatm ent on

(a ) the frequency o f  d iv is io n  f ig u r e s ,

(b ) the p ro p o rtio n  o f  a b n o rm a litie s  in  t o t a l  prophase and

(c )  the p ro p o rtio n  o f  a b n o rm a litie s  in  t o t a l  postp rop hase.

L i t t l e  can be sa id  a t  t h is  p o in t  to  supplement th ese  graphs

and th e  in form ation  g iv en  in  the p reeeed in g  s e c t io n s ,  excep t to  

re-em p hasize some fundam ental d if fe r e n c e s  between the a c t io n  o f  

th e se  drugs a t  dosages below the l e t h a l  l e v e l .

The e f f e c t s  o f  c o lc h ic in e  were found to be very  d if fe r e n t  

from th ose  o f  A c t i-d io n e , the form er m oderately in c r ea s in g  

numbers o f  d iv is io n s  and p r im a r ily  a f f e c t in g  postprophase s ta g e s  

by ca u s in g  d ev ia n ts  which can b e n e r a lly  be c l a s s i f i e d  a s sp in d le  

derangem ents. A c t i-d io n e , on the o th er  hand, causes extreme re­

d u ctio n  in  number o f  d iv is io n s  and p r im a r ily  a f f e c t s  prophase by  

ca u sin g  e f f e c t s  th a t can g e n e r a lly  be c la s se d  a s  r ev ersio n s  and 

v a r io u s  d egrees o f  o v erco n tra c tio n . Streptom ycin can be s a id  

to  cause e f f e c t s  s im ila r , but l e s s  in  degree, to  th ose caused by 

A c ti-d io n e .
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E. E f f e c t s  of, Treatment w ith  Dih.vdrostreptomy c in

Table I I I  l i s t s  the r e s u lt s  o f  runs w ith  s e v e r a l concen­

tr a t io n s  o f  d ihydrostreptom ycin  s u lfa t e  w ith  resp e c t to c y to lo g ic a l  

and l e t h a l  dosage th resh o ld s . I t  w i l l  he noted  th at th ese  th resh ­

o ld s  do n ot vary s ig n i f i c a n t ly  from those found fo r  streptom ycin  

s u l f a t e  when e ith e r  d i s t i l l e d  w ater or q u a rter -stren g th  Hoagland 

s o lu t io n  i s  used  as a so lv en t. Q u a lita t iv e ly  no d if fe r e n c e  was 

noted  between the c y to lo g ic a l  e f f e c t s  o f  th ese  two drugs.

G-. E f f e c t s  o f  Treatment w ith  Chlorom ycetin (P la te  VII)

C y to lo g ic a l and le t h a l  th resh o ld s  fo r  treatm ents w ith  syn­

t h e t i c  and ferm en ta tion  ch lorom ycetin  are l i s t e d  in  Table I I I .

As fa r  a s  th ese  data go the e f f e c t iv e  dosage l e v e l s  fo r  both  

p rep a ra tio n s  o f  t h is  drug are id e n t ic a l .  Q u a lita t iv e ly  no cy to ­

lo g i c a l  d if fe r e n c e s  were e v id e n t.

The bulk o f  the q u a lita t iv e  exam ination was ca rr ied  out on 

m a ter ia l tr e a ted  fo r  fou r and e ig h t hours w ith  sev era l concen­

tr a t io n s  o f  s y n th e t ic  ch lorom ycetin  u s in g  q u a rter -s tren g th  Hoa^- 

land  a s  so lv e n t . In gen era l r e s u lt s  were e r r a t ic  and root t ip s  

tr e a te d  id e n t ic a l ly  fo r  the same le n g th  o f  time freq u en tly  seemed 

to g iv e  very  d if f e r e n t  p a tte r n s . Some f a i r l y  c o n s is te n t  trends  

d id  emerge th a t are worthy o f  comment.

At dosages ju s t  below the l e t h a l  l e v e l  about h a lf  o f  the m eri- 

stem s examined showed few or no f ig u r e s  in  d iv is io n . The few d iv i­

s io n s  th a t were n oted  in  such m a ter ia l ranged from normal in  

appearance to m oderately  overcon tracted  w ith  o c c a s io n a lly  a k in e t ic  

and u n ip o la r  postp rop hases as w e ll as o cca s io n a l pyknosis a t  a l l



s ta g e s .  The d iv is io n s  in  the roo t t ip s  w ith  normal frequency o f  

d iv i s io n s  appeared l i t t l e  d if f e r e n t  than those in  co n tro l m a ter ia l  

e x ce p t fo r  o c ca s io n a l overcon tracted  and a k in e t ic  f ig u r e s  which  

g e n e r a lly  appeared in  conju n ction  w ith  pa tch es o f  more or l e s s  

p y k n o tic  t i s s u e .  C e lls  in  such area s resem bled pyk notic  f ig u r e s  

in  strep tom ycin  very  c lo s e ly ;  however, the im p ression  was stron g  

th a t t h i s  n e c r o s is  was somewhat l e s s  severe than th a t caused by 

strep tom ycin .

R ecovered m a ter ia l l ik e w ise  was d i f f i c u l t  to  ev a lu a te  because  

f o r t y - e ig h t  hours a f t e r  removal o f  the drug one would f in d  oc­

c a s io n a l p a tch es o f  pyk notic m a ter ia l w ith  the wide v a r ie ty  o f  

gro tesq u e  d iv is io n  f ig u r e s  th at t h i s  e n ta ile d . S tran gely  enough, 

even a t  the h ig h e s t  dosages te s te d  i t  was not unusual to f in d  an 

o c c a s io n a l very  sm all patch o f  norm ally d iv id in g  t is s u e  in  root  

t ip s  th a t were scored  as "not recovered".
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DISCUSSION

.The P i sum sativum  T est

In gen era l i t  may "be sa id  th a t the techn iq ues employed in  

t h i s  in v e s t ig a t io n  produced c o n s is t e n t ly  rep rod u cib le  data w ith  

r e s p e c t  to the c y to lo g ic a l  e f f e c t s  o f  c e r ta in  drugs on m eristem a- 

t i c  t i s s u e  o f  P i sum. In view  o f  the problems th a t are encountered  

in  o b ta in in g  h e a lth y , uniform , r a p id ly  d iv id in g  A llium  root t ip s  

throughout tw elve months o f  the y ear , th is  technique warrants 

fu r th e r  a t t e n t io n  in  the search  fo r  a standard c y to lo g ic a l  t e s t .  

With t h is  method recovery  from fa r  stron ger  treatm ents can be 

ob ta in ed , and l e t h a l  th resh o ld s can be determ ined w ith  g r ea ter  pre­

c i s io n  than w ith  the u su al A llium  techn iq ue. These fa c t s  p lu s  

the a b i l i t y  to  produce an abundance o f  h ig h ly  uniform , ra p id ly  

d iv id in g  root t ip s  a t  w i l l ,  seems to more than o f f s e t  the d is ­

advantages o f  the r e la t iv e ly  sm all s iz e  o f  the c e l l s  and chromo­

somes in  Pi sum, and the ex tra  care n ecessa ry  to insure a good 

p rep a ra tio n  o f  th is  m a ter ia l. V id a  faba has the advantage o f  

much la r g e r  c e l l s  and chromosomes; however, the very  bulky, r e la ­

t i v e l y  slow  germ inating  and growing see d lin g s  are rather s u s c e p tib le  

to fu n ga l and b a c te r ia l  in f e c t io n s ,  and cannot be as r e a d ily  and 

q u ick ly  produced in  la r g e  numbers as w ith  P i sum.

C o lch ic in e  E f f e c t s

C o lch ic in e  when a p p lied  to root m eristem s o f  Pisum (a t  approxi­

m ately  tw ice the minimum dosage n ecessa ry  to produce p o ly p lo id y  

a f t e r  e ig h t  hours o f  treatm ent) p r im a r ily  a f f e c t s  metaphases and
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p ostm eta p b a ses . By e ig h t  hours o f  treatm ent s u b s ta n t ia l ly  a l l  

p ostp rop h ase f ig u r e s  are a k in e t ic .  Metaphases in crea se  in  pro­

p o r t io n  to the o th er  s ta g e s . A bsolute numbers o f  d iv is io n s  were 

in c r e a se d . S ince t h is  in crea se  cou ld  not e n t ir e ly  be accounted  

fo r  by the in crea se  in  p roportion  o f  postpropha.se f ig u r e s , an 

a c tu a l s t im u la tio n  o f  m ito s is  i s  su ggested  as p o s s ib le .

As has been o f te n  reported , c o lc h ic in e  appears to produce 

i t s  e f f e c t s  by a s p e c i f ic  impairment o f  sp in d le  fu n c tio n . In  

pea ro o t m eristem s, the chromosomes appear to proceed  through pro­

phase norm ally a s  fa r  as prom etaphase. The arrangement o f  chromo­

somes in  a ty p ic a l  t ig h t  prometaphase clump p e r s i s t s  through the 

b alan ce  o f  the p r o c e ss , chrom atids f a l l i n g  apart in  s i t u  and then , 

w ith ou t a l t e r in g  p o s it io n , pass through a ty p ic a l te lo p h a s ic  re­

la x a t io n  o f  c o i l in g  end d isp e r s io n  o f  chrom atic m ater ia l to form 

a p o ly p lo id  r e s t in g  n u cleu s. T his seojuence o f  ev en ts  may w e ll  be 

i l l u s t r a t e d  by a s e r ie s  o f  c e l l s  as shown in  P la te  I I ,  P ig s . 1 , 2 , 

3 , h, 8 , 12 and l 6 .

That the impairment o f  sp in d le  fu n ctio n  i s  not n e c e s s a r ily  

an a l l  or none p ro cess  i s  dem onstrated by the fa c t  that th resh­

o ld  dosages r e s u lt  in  what appear to be weak or e r r a t ic  sp in d le s  

w ith  consequent h ig h er  in c id en ce  o f  m icron u cle i. I t  w i l l  be 

n o t ic e d  th at dosage a t  the ra te  o f  15 and 20 ppm fo r  e ig h t  hours 

r e s u l t s  in  s ig n i f ic a n t  numbers o f  d isorgan ized  postmetaphase 

f ig u r e s  (Text f i g .  4A) and i t  has a lread y  been p o in ted  out th a t  

th e se  co n cen tra tio n s  r e su lte d  in  the h ig h est numbers o f  micronuc­

l e i .  Such a sequence might w e ll be rep resen ted  by a s e r ie s  o f
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c e l l s  a s  are shown in  P la te  I I ,  F ig s . 1 , 2 , 3 , 5 , 9 or 10,

13 or  1**, and P la te  I I I ,  F ig . 1 or 2.

S in ce  the prophase sequence a t  a l l  dosages t e s t e d  i s  appar­

e n t ly  l i t t l e  changed from th at o f  c o n tr o ls  (T ext f i g .  4A) i t  

seems probable th a t the component o f  the sp in d le  d ir e c t in g  

movement to an eq u a to r ia l p la te  and th at component d ir e c t in g  

anaphase movement are e ith e r  both  p art o f  the same fundamental 

p r o c ess  or e ls e  are sep arate p r o c esse s  which are both  e q u a lly  

a f f e c t e d  by c o lc h ic in e . The former seems the most l i k e l y  con­

c lu s io n  to be drawn s in c e  th ere i s  no evidence th a t any o f  the  

drugs te s te d  in  t h is  in v e s t ig a t io n  caused any d i f f e r e n t ia l  

e f f e c t s  on th ese  two th e o r e t ic a l  sp in d le  fo r c e s . The fa c t  

th a t ,  a t  th resh o ld  d o ses , the t ig h t  prometaphase o rg a n iza tio n  

fr e q u e n t ly  gave way to sca tter e d  a k in e t ic  metaphases ra th er  than  

clumped a k in e t ic  metaphases seems to imply a t  l e a s t  a degree o f  

p la t e  o r g a n iz a tio n a l fo r c es  a t  work. When such fig u r e s  were 

abundant, a h igh  percentage o f  d iso rg a n ised  anaphases cou ld  be 

a ls o  observed , thus im plying a t  l e a s t  a degree o f  anaphase move­

ment sp in d le  fo r c e s  a t  work. S im ila r ly , when s u b s ta n t ia lly  a l l  

m etaphases were o f  the clumped a k in e t ic  type, s u b s ta n t ia lly  a l l  

o f  the postm etaphases were scored  as u n ip o lar  im plying th a t b oth  

sp in d le  components were in a c t iv a te d . I t  i s  d i f f i c u l t  to f in d  

ev id en ce  in  the l i t e r a t u r e  th a t i s  v a l id  on t h is  p o in t . Un­

fo r tu n a te ly  most o f  the work w ith  c o lc h ic in e  has been done a t  

fa r  g r e a te r  dosages than was u sed  h ere, and i t  i s  e n t ir e ly  p o s s i ­

b le  th a t some o f  the reported  e f f e c t s  o f  c o lc h ic in e  and o th er  true
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t'C -m ito tic11 drugs may rep resen t in  part the e f f e c t s  o f  t o x ic ,  sub- 

l e t h a l  dosage.

For the l a t t e r  reason, i t  i s  a ls o  d i f f i c u l t  to  compare the  

data ob ta in ed  in  t h i s  study w ith  th a t o f  o th er  workers in  resp ec t  

to  changes in  frequency o f  d iv i s io n s .  For exam ple, Guttman (1952) 

r ep o rted  a d ecrease in  a b so lu te  numbers o f  prophases in  A llium  

m a te r ia l tr e a te d  fo r  tw enty-four hours w ith 500 200 ppm. c o l­

c h ic in e  which was grouped w ith  m a ter ia l tr e a ted  tw enty-fou r hours 

w ith  sa tu ra ted  acenaphthene s o lu t io n . This may or may not repre­

sen t a to x ic  e f f e c t  o f  her treatm ents; however, such a p o s s i b i l i t y  

cannot be d ism issed . The fa c t  th a t her co n c lu sio n s in d ic a te  th a t  

o n ly  e ig h t y - f iv e  p er  cen t o f  metaphases proceed to in terph ase  

w ith ou t p a ss in g  through normal postm etaphase s ta g e s  su ggests  some 

s o r t  o f  f ix a t io n  e f f e c t .  This p o s s i b i l i t y  i s  heighten ed  when one 

c o n s id e r s  th a t in  our study fa r  low er dosages and fa r  sh o r ter  

d u ra tio n  o f  treatm ent caused s u b s ta n t ia l ly  a l l  metaphases to p ass  

d ir e c t ly  to the r e s t in g  co n d itio n  w ithout anaphase—telop h ase  

sequence. A lso  she rep orts  a doubling o f  the time required  fo r  a 

c e l l  to  com plete the whole d iv is io n  c y c le . That means a fa r  low er  

r a te  o f  i n i t i a t i o n  o f  m ito s is  and su g g ests  a depressant e f f e c t  o f  

h er treatm en ts. In t h is  in v e s t ig a t io n  nothing o f  the so r t  has 

been noted; in  fa c t  i t  seems l i k e l y  that the to t a l  le n g th  

o f  the d iv is io n  c y c le  in  P i sum may be somewhat shortened by 50 ppm 

c o lc h ic in e ,  thus in c r e a s in g  the ra te  o f  in i t i a t i o n  o f  m ito s is .
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A c ti-d io n e  E f f e c t s

I t  was noted  th a t , in  alm ost every r e sp e c t , the e f f e c t s  o f  

A c ti-d io n e  a t  c y to lo g ic a l ly  e f f e c t iv e  hut n o n -le th a l dosage l e v e l s  

are d ia m e tr ic a lly  opposed to c o lc h ic in e  e f f e c t s .  A c ti-d io n e  p r i­

m a r ily  a f f e c t s  prophase causin g  a tremendous p ile -u p  o f  overcon­

tr a c te d  prometaphase f ig u r e s  in  which c o n tra c tio n  has proceeded  

to  m etaphase le n g th  or sh o rter  and where the n u clea r  "membrane" 

rem ains in t a c t .  R eversions are freq u en t, but a k in e t ic  f ig u r e s  

are n ot p resen t in  s ig n if ic a n t  numbers. The most marked d i f f e r ­

ence i s  the tremendous drop in  frequency o f  d iv is io n s ,  e a r ly  p ro -  

p h a ses  becoming p r a c t ic a l ly  n o n -e x is te n t  by e ig h t hours o f  tr e a t ­

ment.

A c ti-d io n e  i s  a ty p ic a l " c e l l  poison" in  the D*Amato sen se . 

Preprophase in h ib it io n  o f  m ito s is  a t 6 ppm i s  s u b s ta n t ia l ly  one 

hundred per cen t a f t e r  approxim ately one hour o f  treatm ent. Pro­

p h ases are never a b le  to reach metaphase, and d e sp ite  extreme 

c o n tr a c tio n  chromosomes remain in  midprophase arrangement w ith in  

an in t a c t  n u clea r  membrane. R eversion  o f  prophases to an " a r ti­

f i c i a l  in terp h ase"  (Levan, 1952 ) i s  su b s ta n tia l in  amount and may 

occu r a t  any sta g e  o f  prophase. Postprophase s ta g e s , u n lik e  th ose  

in  c o lc h ic in e  tr e a te d  m a ter ia l, show l i t t l e  th a t i s  s tr ik in g  in  

th e  way o f  a b e r ra tio n s . Some o v erco n tra ctio n  i s  seen  in  th ese  

s ta g e s ,  but no s ig n i f ic a n t  amount o f  sp in d le  d istu rb an ce. P o st­

prophases decrease in  to ta l  p rop ortion  o f  d iv is io n s  due to the 

f a i lu r e  (o f  a t  l e a s t  the great m ajority ) o f  prophases to p ass  

in to  m etaphase. The sequence o f  ev en ts  in  prophase may w e ll be



-7*J~

i l l u s t r a t e d  by such a s e r ie s  as shown by P la te  IV, F ig s . 1 , 3» 8> 

and 10 w ith  r ev e r s io n s  a t  a l l  s ta g e s  o f  prophase shown by P la te  IV, 

F ig s .  2 , 5 , 11 and 12.

Streptom ycin  E f f e c t s

The e f f e c t s  o f  streptom ycin  a t  n o n -le th a l l e v e l s  appear to  

b ear l i t t l e  resem blance to c o lc h ic in e  e f f e c t s .  On the o th er  hand, 

strep tom ycin , l ik e  A c ti-d io n e , answers D*Amato*s d e sc r ip t io n  o f  a  

" c e l l  p o ison " , showing e f f e c t s  q u a l i t a t iv e ly  id e n t ic a l  w ith  th ose  

produced by A c ti-d io n e  but co n sid era b ly  weaker from a q u a n tita t iv e  

p o in t  o f  v iew . This i s  seen  most s tr ik in g ly  when a comparison i s  

ma.de o f  Text f i g s .  3^, F and C. I t  i s  apparent th at there  

i s  l i t t l e  margin between streptom ycin  dosages th at cause  

marked c y to lo g ic a l  e f f e c t s  and dosages th at cause n e c r o s is  as  

ev id en ced  by appearance o f  p yk n osis. There i s  on ly  one apparent 

e x c e p tio n  to t h is  co n c lu s io n , and th a t i s  th at preprophase in ­

h ib i t io n  o f  m ito s is  by streptom ycin  appears s ig n i f i c a n t ly  a t  

dosages low er than those required  to produce c y to lo g ic a l  e f f e c t s .  

C y to lo g ic a l e f f e c t s  w ith  streptom ycin  might w e ll appear i f ,  fo r  

exam ple, treatm ent w ith  100 and 150 ppm streptom ycin  were a llow ed  

to con tin u e lo n g er  than the e ig h t  hours used in  t h is  in v e s t ig a t io n .  

However, i t  seems more reasonab le to p o s tu la te  th a t preprophase 

in h ib i t io n  o f  d iv i s io n (a t  l e a s t  a s  caused by strep tom ycinf d i f f e r s  

fundam en tally  from the r ea c tio n s  p reven tin g  prophases reach ing  

m etaphase and ca u sin g  r ev ers io n . The p o s s ib i l i t y  th a t th is  may 

a ls o  be the case w ith  A c ti-d io n e  i s  suggested  when one examines 

the data w ith  re sp e c t to a dosage o f  0 .2  ppm and 0 .5  ppm as sum­

m arized in  Text f i g .  3®*
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W hile the q u a n tita t iv e  in form ation  on which th ese  co n c lu s io n s  

are "based was ob ta in ed  through the u se o f  strep tom ycin  s u l f a t e ,  the 

e f f e c t s  o f  dihydro strep tom ycin  s u lfa t e  showed no fundamental de­

v ia t io n s  therefrom  and as fa r  a s  comparisons were made, i t  seems 

reason ab le  to assume th a t the two drugs are id e n t ic a l  in  e f f e c t .  

C hlorom ycetin  E f f e c t s

While no q u a n tita t iv e  data are a t  hand w ith  resp ect to  the de­

t a i l e d  e f f e c t s  o f  Chlorom ycetin, i t  seems apparent th a t , excep t fo r  

ra th er  e r r a t ic a l ly  exp ressed  in h ib it io n  o f  d iv i s io n s ,  c le a r  cut 

c y t o lo g ic a l  e f f e c t s  o f  the type produced by the o th er  drugs te s te d  

are masked by n e c r o t ic  changes a t  a l l  con cen tra tio n s o f  the drug 

a b le  to e f f e c t  such change. I t  can be s ta te d  th a t , compared to  

A c ti-d io n e  and strep tom ycin , Chlorom ycetin on a con cen tra tio n  b a s is  

i s  co n sid era b ly  l e s s  to x ic . However, the th resh o ld  o f  c y to lo g ic a l  

e f f e c t iv e n e s s  i s  no low er than the th resh o ld  o f  l e t h a l i t y .

The n e c r o t ic  e f f e c t s  o f  Chlorom ycetin appear to in v o lv e  the 

p o iso n in g  o f  lo c a l  s e c to r s  o f  m eristem s rather than a system ic  

p o iso n in g  o f  the e n t ir e  m eristem , as seems to occur w ith  A c ti-d io n e  

and strep tom ycin . U n til fu r th er  in v e s t ig a t io n  i s  made and many 

more data are ob ta in ed , sp e cu la tio n  concerning t h is  apparent d i f ­

feren ce  between Chlorom ycetin and the other drugs seems f r u i t l e s s .

As fa r  a s  study was c a rr ied  o u t, as might be expected , syn­

t h e t i c  and ferm en tation  p rep aration s o f  Chloromycetin appeared  

id e n t ic a l  in  th e ir  a c t io n .

S a lt  E f f e c t s

One o f  the most s tr ik in g  phenomena noted in  t h is  study was
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the tremendous degree o f  antagonism  shown by c e r ta in  m ineral s a l t s  

to  strep tom ycin  a c t io n . E f fe c t iv e  th resh o ld s  o f  the drug were 

r a is e d  by a fa c to r  o f  approxim ately  tw enty in  go in g  from d i s t i l l e d  

w ater to q u arter^ stren gth  Hoagland s o lu t io n , and by approxim ately  

e ig h ty  between d i s t i l l e d  water and h a lf - s tr e n g th  Hoagland. Sim i­

l a r  s a l t  e f f e c t s  have been rep orted  as an ta g o n iz in g  a n t ib a c te r ia l  

a c t i v i t y  o f  strep tom ycin  in  v itr o  (P ra tt and Dufrenoy, 1 9 ^ ) .  This 

im m ed iately  su g g ests  th a t a c lo s e  r e la t io n sh ip  e x i s t s  between the 

a n t ib io t i c  p r o p e r t ie s  o f  th is  drug and the e f f e c t s  we have n oted  

on p la n t  m eristem s.

As to the s ig n if ic a n c e  th a t t h is  phenomenon has w ith  resp e c t  

to  th e mode o f  a c t io n  o f  strep tom ycin , one can o n ly  sp ecu la te  th at  

e i t h e r  the s a l t  e f f e c t  i s  one o f  d ecreasin g  the p erm ea b ility  o f  

the plasm a membrane fo r  streptom ycin  or th at the e f f e c t  in v o lv e s  

an a l t e r a t io n  o f  the c o l lo id a l  p r o p e r tie s  o f  protoplasm  rendering  

i t  d ir e c t ly  or in d ir e c t ly  more r e s is t a n t  to the a c t io n  o f  the 

drug.

A s a l t  e f f e c t  was noted w ith  A c ti-d io n e  and Chlorom ycetin, 

but was not n e a r ly  a s  marked as w ith  streptom ycin  (a  fa c to r  o f  be­

tween two and fou r fo r  A c ti-d io n e  and about two w ith  Chlorom ycetin  

betw een d i s t i l l e d  w ater and q u a rter -s tren g th  Hoagland s o lu t io n ) .  

W ithout much more in form ation  th ere  i s  l i t t l e  to be gained in  

s p e c u la t in g  w hether or not t h is  has the same b a s is  a s  s a l t  an­

tagonism  o f  strep tom ycin . An im portant o b serv a tio n , however, 

was th a t  v a r ia t io n s  in  s a l t  co n cen tra tio n  d id  not a l t e r  the 

e f f e c t i v e  th resh o ld s  o f  c o lc h ic in e . This fa c t  perm its one to
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p o s tu la te  a fundam ental d if fe r e n c e  in  mode o f  a c t io n  o f  c o lc h ic in e  

compared to  the o th er  drags tested *

C -m ito s is
' \

The term nC -m ito s isw o r ig in a l ly  was in tended  to app ly to the  

a lt e r e d  m ito t ic  p a tte r n  caused hy c o lc h ic in e  (Levan, 1938)* Today, 

a s  a lr e a d y  p o in ted  o u t, i t  i s  u sed  "by most workers to d escr ib e  

any a l t e r a t io n  o f  m ito s is  where sp in d le  co n tro l o f  postm etaphase  

chromosomes i s  im paired. One su sp ects  th a t h ig h ly  con tracted  pro­

m etaphases as produced hy extended treatm ent w ith  A cti-d io n e  (P la te  

IV, F ig s . 9 and 10) may freq u en tly  he reported  as wC -m ito tic w hy 

the ca su a l ob server . The c a r e fu l workers in  th is  f i e l d  have a l ­

ready p o in ted  out (!DlAmato, 19^9; Hawthorne and W ilson, 1952:

Levan, 1952 and o th er s)  th a t, d e sp ite  the r e la t iv e ly  s im ila r  

appearance o f  m etaphases in  a number o f  d if fe r e n t  treatm ents, the 

fundam ental causes and mechanisms may he q u ite  d if f e r e n t .

An advantage o f  the use o f  Pisum root t ip s  and the technique  

h e r e in  d escr ib ed  i s  th a t recovery o f trea ted  root t ip s  i s  ob­

ta in e d  a t  a much h igh er  le v e l  o f  e f f e c t  than w ith  Allium  m a ter ia l. 

L eth a l co n cen tra tio n  th resh o ld s can be ra th er  p r e c is e ly  determ ined  

and, con trary  to p rev io u s rep orts (W ilson, 1950? W ilson and Bowen 

1951; W ilson and Hawthorne, 19 5 2 ), th ese  were found to be h igh er  

than the th resh o ld s  o f  v i s ib l e  c y to lo g ic a l  e f f e c t s  in  the case  o f  

A c ti-d io n e  and strep tom ycin . T his p r e c is io n  o f  d e te m in a tio n  o f  

n on -recovery  l e v e l s  o f  dosage has le d  to two ob serv a tio n s th a t may 

be o f  fundamental in t e r e s t .  F ir s t  o f  a l l ,  recovery  o f  t is s u e  was 

n o t ob ta in ed  a t  any con cen tra tion  l e v e l  producing s ig n if ic a n t



- 7 8 -

q u a n t it ie s  o f  p y k n o sis . Secondly, recovery, excep t w ith  c o lc h ic in e ,  

was n ot obtained, a t  any con cen tra tio n  le v e l  producing s ig n if ic a n t  

q u a n t i t ie s  o f  postprophase f ig u r e s  showing sp in d le  impairment.

I t  i s  th ere fo re  su ggested  th a t sp in d le  impairment caused by 

ty p ic a l  " c e ll-p o iso n s"  i s  the r e s u lt  o f  le t h a l  p r o c e sse s , perhaps 

o f  ’’poor f ix a t io n ”, and might w e ll be an e a r ly  sta g e  in  p yk notic  

d eg en era tio n . I t  may be fu rth er  p o in ted  out th a t sp in d le  derange­

ment caused by n on -recoverab le  dosages o f  A c ti-d io n e  (P la te  V,

F ig s .  2 , 3 , and h ) , streptom ycin  (P la te  VI, F ig s . 8 and 15) and 

Chlorom ycetin (P la te  V II, F ig s . h and 5) p resen ts  a very  d if f e r e n t  

g ro ss  appearance compared to th a t caused by e f f e c t iv e  p o ly p lo i­

d iz in g  dosages o f  c o lc h ic in e  (P la te  I I ,  F ig s . 5 through 1 6 ). Exami­

n a t io n  o f  Pisum roo t t ip s  tr e a ted  w ith  p o ly p lo id iz in g  concentra­

t io n s  o f  cycloch lorohexane should prove o f  in t e r e s t  in  t h is  r e sp e c t .

I t  i s  proposed th a t the use o f  the term ”C -m ito s is” and the  

consequent term "C-metaphase" be reserved  fo r  sp in d le  d isru p tio n  

caused by the few true p o ly p lo id iz in g  m a ter ia ls . Thus before  

sp in d le  impairment cou ld  be la b e l le d  ”C -m ito s is” , i t  would have to 

be shown th a t i t  was a ) a h ig h ly  s p e c i f ic  r e a c tio n , b) accompanied 

by l i t t l e  or no propha.se d istu rbance and, c) p rod u ctive o f  sub­

s t a n t i a l  amounts o f  p o ly p lo id y . A general term (w ithout any p o ly ­

p lo id iz in g  im p lic a t io n s )  should be used  to d escr ib e  sp in d le  d is ­

turbance reg a rd less  o f  cause. "A kinetic m ito s is"  i s  su ggested  as  

a s u ita b le  term to d escrib e  a l l  so r ts  o f  sp in d le  d isru p tio n  and 

" a k in e tic  m etaphases" or " a k in etic  postm etaphases" might be used  

to d e scr ib e  f ig u r e s  showing sp in d le  disturbance reg a rd less  o f



cause* This ought not in  any way to in te r fe r e  or be confused  

w ith  the p resen t term " a k in etic  chromosome*1 in  l im ite d  use synony­

m ously w ith  " a cen tr ic  chromosome" to d escr ib e  a chromosome w ith ­

out a k in e  to chore.
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.SUMMARY

1 . The technique o f  immersing root m eristem s o f  Pisum sativum  

s e e d lin g s  in  known co n cen tra tio n s o f  an a n t im ito t ic  d is s o lv e d  

in  a weak balanced  m ineral s o lu t io n , produced c o n s is t e n t ly  r e -  

pro ducable c y to lo g ic a l  a b erra tio n s which were r e a d ily  a n a ly -  

za b le  on both  a Q u an tita tive  as w e ll as a q u a lita t iv e  b a s is .  

T his technique p o sse sse d  c e r ta in  advantages over the standard  

A lliu m  c y to lo g ic a l  t e s t  p a r t ic u la r ly  a ) in  b e in g  r e a d ily  

a v a ila b le  throughout the year , b) in  p e r m itt in g  recovery from 

s tro n g er  treatm ents and, c) in  p erm ittin g  d eterm ination  o f  

l e t h a l  th resh o ld s  w ith  g rea ter  p r e c is io n .

2 . C o lch ic in e  was observed p r im a r ily  to  a f f e c t  postprophase s ta g e s ,  

e lim in a tin g  sp in d le  co n tro l o f  chromosome o r ie n ta t io n  and move­

m ent, thus cau sin g  form ation o f  p o ly p lo id  r e s t in g  n u c le i .  Pro­

ph ases g e n e r a lly  appeared normal. At con cen tra tion s te s t e d ,  

th e  d u ration  o f  metaphase was in crea sed  r e s u lt in g  in  a moderate 

in c r ea se  in  the p rop ortion  o f  metaphases to o th er  s ta g e s .  

Evidence i s  p resen ted  su g g estin g  a sh orten in g  o f  the time re­

q u ired  fo r  a com plete d iv is io n  cy c le  and a consequent in crea se  

in  frequency o f  d iv is io n  f ig u r e s .

3 . D if f e r in g  from c o lc h ic in e  in  alm ost every r e sp e c t , A c ti-d io n e  

was shown p r im a r ily  to a f f e c t  prophases, p rev en tin g  a t  l e a s t  

the g r e a te s t  p a r t o f  them from en ter in g  metapha.se and thus re­

s u l t in g  in  much o v erco n tra ctio n  o f  chromosomes. R eversions to 

an a r t i f i c i a l  in terp h ase  were frequent a t  a l l  prophase s ta g e s .  

Postprophase s ta g e s  were r e la t iv e ly  normal, but decreased  in



p ro p o rtio n s due to fa i lu r e  o f  prophases to e n te r  metaphase.

Alm ost com plete in h ib it io n  o f  nev; d iv is io n s  was observed.

Streptom ycin  e f f e c t s  were s im ila r  to th ose produced by A c t i -  

d io n e , but a t  recoverab le  dosages were not n ea r ly  as s tr o n g ly  

ex p ressed . I t  was shown th at l i t t l e  margin e x is t e d  between the

the minimum dosage capable o f  producing c y to lo g ic a l  e f f e c t s  and

the le t h a l  th resh o ld  o f  th is  drug.

E xcept fo r  somewhat e r r a t ic  prepropha.se in h ib it io n  o f  d iv is io n ,  

C hlorom ycetin had no c y to lo g ic a l  e f f e c t s  th a t could be c le a r ly  

sep ara ted  from n e c r o t ic  p r o c e sse s . D esp ite  t h i s ,  on a concen­

tr a t io n  b a s is  t h is  drug was the l e a s t  to x ic  o f  the three a n t i­

b io t i c s  te s te d .

With the ex cep tio n  o f  c o lc h ic in e , the c y to lo g ic a l  a c t i v i t y  o f  

th e drugs t e s t e d  was antagon ized  by d is so lv e d  m ineral s a l t s .

This was very  marked in  the case o f  strep tom ycin , and w ith  the 

o th er  two drugs was on ly  m oderate. The p o s s ib le  im p lic a tio n s  

o f  t h is  " s a lt  e f f e c t "  are d iscu ssed . Most im portant o f  th ese  

i s  the su g g estio n  th at c o lc h ic in e  has a mode o f a c t io n  funda­

m en ta lly  d if fe r e n t  than the o th er  drugs.

In the case  o f  the th ree a n t ib io t i c s  ev idence o f  n e c r o s is  and 

o f  sp in d le  impairment was not seen  in  s ig n if ic a n t  p rop ortion s  

excep t a t  dosages h igh  enough to prevent recovery . This and 

o th er  fa c t s  are used to support the h y p o th esis  th at the sp in d le  

derangements caused by the three a n t ib io t ic s  have a v ery  d i f ­

fe r e n t  b a s is  than the sp in d le  d istu rb an ces caused by c o lc h ic in e .  

There i s  some b a s is  fo r  the p o s s i b i l i t y  th at sp in d le  impairments



caused  by treatm ent w ith  A c ti-d io n e , strep tom ycin  and Chloro­

m ycetin  are a c tu a l ly  e a r ly  s ta g e s  in  p k yn otic  d egen eration .

The term " a k in e tic  m ito sis"  i s  proposed as a s u b s t itu te  fo r  

the term "C -m itosis" to d escr ib e  any m ito t ic  p ro cess  where 

sp in d le  co n tro l o f  postprophase chromosomes i s  im paired. "C- 

m ito s is"  would be reserved  to d escrib e  the c o lc h ic in e  type o f  

" a k in etic"  m itoses where such sp in d le  impairment i s  a) a h ig h ly  

s p e c i f i c  r e a c t io n , b) accompanied by l i t t l e  or no prophs.se 

d istu rb an ce and c) produ ctive o f  su b s ta n tia l amounts o f  p o ly ­

p lo id y .



PLATE I

Normal M ito ses  from U n trea ted  M a ter ia l

F ig s .  1 -3  E a r ly  p roph ases  

F ig s .  h- 6  M idprophases 

F ig s .  7 -9  Prom etaphases  

F ig s .  1 0 -11  M etaphases 

F ig s .  1 2 -1 3  Anaphases 

F ig s .  lif—16 T elop h ases

Each d iv i s io n  o f  th e s c a le  r e p r e s e n ts  te n  m icron s.



»83-

m

&

r„v

r

V

v

i*
*  *

*

f

n
a h
&

9

# x

^ ‘Y'K

/1 ^
&■

13

«

•a iv

% O a

" < > * >

10

i tk  

* * +  11
J
*

* 1

14*
m m

u.

15 |

< • *

>L *y
1 6



PLATE 11

E f f e c t s  o f  C o lc h ic in e

M ito ses  from m a te r ia l t r e a te d  fo r  e ig h t  hours w ith  50 ppm d is s o lv e d  in

q u a r te r -s tr e n g th  Hoagland s o lu t io n  u n le s s  o th er w ise  s p e c i f i e d

P ig .  1 Normal e a r ly  proph ase

F ig . 2 Normal m idprophase

F ig s .  3~h Normal prom etaphases

F ig . 5 S c a tte r e d  a k in e t ic  m etaphase

F ig s .  6 -8  Clumped a k in e t ic  m etaphases

F ig ,  9 S c a tte r e d  a k in e t ic  m etaphase and d iso r g a n iz e d  a k in e t ic
anaphase from m a te r ia l t r e a te d  w ith  30 ppm

F ig . 10 D iso rg a n ize d  a k in e t ic  anapha.se

F ig . 11 U n ip o la r  a k in e t ic  anaphase from m a te r ia l t r e a t e d
w ith  30 ppm

F ig . 12 U n ip o la r  a k in e t i c  anaphases

F ig .  13 D iso r g a n iz e d  a k in e t ic  te lo p h a s e s  from m a te r ia l tr e a te d
w ith  30 ppm

F ig , l h  D iso rg a n ize d  a k in e t ic  te lo p h a se

F ig s .  1 5 -1 6  U n ip o lar  a k in e t ic  te lo p h a se s

Each d iv i s io n  o f  th e  s c a le  r e p r e s e n ts  te n  m icro n s.
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PLATE I I I

E f f e c t s  o f  C o lch icine

M ito se s  from m a te r ia l  t r e a te d  w ith  c o lc h ic in e  

in  q u a r te r -s tr e n g th  Hoagland s o lu t io n

P ig . 1 

F ig . 2 

P ig s .  3 -6

M icro n u cle i from m a te r ia l t r e a t e d  w ith  30 PPm 
e ig h t  hours

M icro n u cle i from m a te r ia l t r e a te d  w ith  20 ppm fo r  
e ig h t  hours

P o ly p lo id  m etaphases from m a te r ia l t r e a te d  w ith  
30 ppm fo r  e ig h t  hours and r eco v ered  f o r  f o r t y - e ig h t  
hours

Each d iv i s io n  o f  th e  s c a le  r e p r e s e n ts  ten  m icro n s .
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PLA.TE IV

E f f e c t s  o f  A c t i-d io n e

M ito se s  from m a te r ia l t r e a te d  f o r  fo u r  hou rs w ith  4  ppm A c t i-d io n e  i n

q u a r te r -s tr e n g th  H oagland s o lu t io n  u n le s s  o th er w ise  s p e c i f i e d

E ig . 1 Normal e a r ly  prophase

E ig . 2 R evertin g  e a r ly  prophase

•H 3 Normal midprophase

E ig s . 4 -6 R evertin g  midprophases from m a ter ia l tr e a te d  w ith  6 ppm 
fo r  e ig h t  hours

E ig . 7 B a ll  prometaphase

E ig . 8 B a ll  prometaphase from m a ter ia l tr e a te d  w ith  6 ppm fo r  
fo u r  hours

E ig . 9 O vercontracted prometaphase from m a ter ia l tr e a te d  w ith  
6 ppm fo r  fou r hours

E ig . 10 O vercontracted  prometaphase from m a ter ia l tr e a te d  w ith  
6 ppm fo r  e ig h t  hours

E igs,. 11-12 R evertin g  prom etapbases from m a ter ia l tr e a te d  w ith  
6  ppm fo r  e ig h t  hours

E ig . 13 O vercontracted  metaphase from m a ter ia l tr e a te d  w ith  
6 ppm fo r  fou r hours

E ig . 14 O vercontracted  metaphase

E ig . 15 O vercontraeted  anaphase

E ig . 16 O vercontracted  te lo p h a se  from m a ter ia l tr e a te d  w ith  
6 ppm fo r  fou r  hours

E ach d iv i s io n  o f  th e  s c a le  r e p r e s e n ts  te n  m icro n s .
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PLATE V

P ig . 1

F ig . 2

F ig s .  3

E f f e c t s  o f  A c t i-d io n e

M ito ses  from  A c t i-d io n e  tr e a te d  m a te r ia l

M etaphase w ith  normal o r g a n is a t io n  hut d ip lo -ch rom o­
somes from m a te r ia l tr e a te d  f o r  fo u r  hours w ith  l 6 
ppm d is s o lv e d  i n  q u a r te r -s tr e n g th  Hoagland s o lu t io n

A k in e t ic  ( s c a t t e r e d )  m etaphase from m a te r ia l tr e a te d  
f o r  e ig h t  hours w ith  12 ppm d is s o lv e d  in  d i s t i l l e d  
w a ter

& h- A k in e t ic  (d iso r g a n iz e d )  an ap hases from m a te r ia l t r e a te d  
f o r  e ig h t  hours w ith  12 ppm d is s o lv e d  in  d i s t i l l e d  
w ater

Each d iv i s io n  o f  th e  s c a le  r e p r e s e n ts  te n  m icron s.
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PLATE VI

E f f e c t s  o f  S trep tom ycin

M ito ses  from m a te r ia l t r e a te d  fo r  s i x  h ou rs w ith  175 PPm S trep to m y cin

s u l f a t e  in  q u a r te r -s tr e n g th  Hoagland s o lu t io n  u n le s s  o th e r w ise  s p e c i f i e d

Hormal e a r ly  proph ase  

norm al m idprophase

L a te  normal m idprophase and h a l l  prom etaphase  

R e v e r tin g  e a r ly  prophase

R e v er tin g  m idprophase a f t e r  eigjht hours trea tm en t w ith  
10 ppm d is s o lv e d  in  d i s t i l l e d  w a ter

norm al m etaphase and e a r ly  p rop h ase

Normal te lo p h a se

S c a tte r e d  a k in e t ic  m etaphase

U n ip o la r  a k in e t i c  te lo p h a se  and o v e r c o n tr a c te d  anaphase  

O v erco n tra cted  te lo p h a se  

P y k n o tic  m idprophase

P y k n o tic  proph ase and r e s t in g  n u c le u s  a f t e r  e ig h t  hours  
trea tm en t w ith  10 ppm in  d i s t i l l e d  w ater

' P y k n o tic  m etaphases a f t e r  e ig h t  hours trea tm en t w ith  10 ppm 
in  d i s t i l l e d  w a ter

P y k n o tic  a k in e t i c  anaphase a f t e r  e ig h t  hou rs trea tm en t w ith  
10 ppm in  d i s t i l l e d  w ater

P y k n o tic  v e r y  e a r ly  anaphase

E ig . 1

E ig . 2

E ig . 3

E ig . 4

E ig . 5

E ig . 6

E ig . 7

E ig . 8

P ig . 9

E ig . 10

E ig . 11

E ig . 12

E ig . 13-

E ig . 15

E ig . 16

Each d iv i s io n  o f  th e  s c a le  r e p r e s e n ts  t e n  m ic r o n s .
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PLAlE VII
Effects of Chloromycetin

Mitoses from material treated for four hours with 1000 ppm synthetic
Chloromycetin dissolved in quarter-strength Hoagland solution

F ig . 1 R e v er tin g  e a r ly  prophase

F ig . 2 B a l l  prom etaphase

F ig . 3 R e v er tin g  m idprophase

F ig . k S c a tte r e d  a k in e t ic -  m etaphases

F ig . 5 D iso rg a n ize d  a k in e t ic  anaphase

F ig . 6 P y k n o tic  m etaphases

F ig . 7 P y k n o tic  prophase

Each d iv i s io n  o f  th e  s c a le  r e p r e s e n ts  te n  m icro n s.
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