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With  a  view  to  obtaining  some  insight  into  the  cytological  effects  of  a  represen-
tative  series  of  nitrogen  mustards,  27  compounds,  mostly  /?-chloroethyl  amines,
were  tested  for  their  ability  to  block  or  retard  the  cleavage  of  sea  urchin  eggs.

With  such  eggs,  each  exposed  directly  to  the  experimental  solution,  there  is  un-
excelled  opportunity  to  study  the  response  of  the  cell  to  the  mustard  without  con-
cern  for  effects  of  a  multicellular  organism  on  the  mustard,  and  on  the  response  of
the  cell.  With  regard  to  mitosis,  the  uniform,  controllable  division  of  the  eggs
makes  possible  the  application  of  the  agent  to  any  phase  of  cleavage,  and  ready
analysis  of  alterations  in  each  phase.

MATERIALS  AND  METHODS

For  the  over-all  survey,  the  eggs  of  Arbacia  punctulata  were  used.  Some  sup-
plementary  studies  employed  the  eggs  of  Tripncustes  esculentus,  and  for  detailed
observations  of  the  course  of  events  during  inhibition  of  mitosis,  the  transparent
eggs  of  Lyt  echinus  variegatus  were  used.

For  routine  comparison  of  activities,  exposure  was  begun  10-13  minutes  after
fertilization.  Retardation  was  measured  by  making  a  count  of  50  eggs  4  to  10
times  during  the  first  cleavage  and  again  during  the  second.  The  points  were  con-
nected  by  straight  lines  to  determine  the  approximate  time  of  50  per  cent  cleavage
(cj.  Fig.  1),  and  comparison  was  made  between  the  treated  and  the  control  from
the  same  lot  of  eggs.

Curves  for  duplicate  controls  usually  gave  identical  50  per  cent  cleavage  times,
and  they  seldom  differed  by  more  than  two  minutes,  so  statistical  analysis  was  not
needed.  The  eggs  were  followed  until  they  formed  plutei,  and  a  record  was  kept
of  the  time  at  which  they  became  blastulae  and  gastrulae.  The  ranges  of  response
were  condensed  into  groups  described  in  connection  with  Table  II.

The  compounds  (Table  I)  were  dissolved  in  sea  water  and  were  added  to  the
eggs  within  two  minutes  of  dissolving.  They  were  supplied  to  the  Sloan-Kettering
Institute  by  Parke-Davis  and  Company  (A)  ;  Toxicity  Laboratory,  The  University
of  Chicago  (B)  ;  Dr.  Stein,  Rockefeller  Institute  (C)  ;  Merck  and  Company  (D)  ;
Eli  Lilly  and  Company  (E)  ;  and  American  Cyanamid  Company  (F).

1  This  series  of  investigations  was  made  possible  by  the  facilities  of  the  Marine  Biological
Laboratory,  Woods  Hole,  the  Bermuda  Biological  Station  for  Research,  and  the  Lerner
Marine  Laboratory  of  the  American  Museum  of  Natural  History.  Most  of  the  work  re-
ported  here  was  carried  out  while  the  senior  author  held  a  research  fellowship  at  the  Sloan-
Kettering  Institute  for  Cancer  Research,  New  York  City.  This  investigation  was  supported  in
part by a research grant from the National Cancer Institute of the National Institutes of Health,
Public  Health  Service  ;  by  the American Cancer  Society,  and by  the Elsa  U.  Pardee Foundation.
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RESULTS  AND  DISCUSSION

Arbacia

The  nature  of  the  response  of  dividing  eggs  to  nitrogen  mustard  at  moderately
effective  doses  is  shown  in  Figure  1.  Lower  concentrations  caused  less  retardation
or  affected  only  the  second  division  or  even  later  stages,  while  higher  concentra-
tions  prevented  division  in  all  or  part  of  the  population.

DELAY  IN  ARBACIA  EGG  CLEAVAGE  INDUCED  BY  A  NITROGEN  MUSTARD
H 3 CN(CH 2 CH 2 CI) 2

100

60
I

70

O CONTROL
X  10  Mg/L
A lOOMg/L

80MIN. AFTER FERTILIZATION "
EXPOSURE  BEGUN  1  1  MIN.  AFTER  FERTILIZATION  23C

140

FIGURE 1. The three curves on the left represent first cleavage, the others second cleavage.

The  different  degrees  of  retardation  and  blocking  of  Arbacia-egg  cleavage  are
shown  in  Table  II,  beginning  with  the  most  active  mustard  at  the  top.  Concen-
trations  are  expressed  as  millimols  per  liter.  The  grades  of  effect  are  the  same  as
those  used  to  quantitate  effects  of  carbamates  (Cornman,  1950).  Where  develop-
ment  was  not  completely  blocked,  retardation  of  the  first  cleavage  was  determined
from  graphs  like  Figure  1  and  then  placed  in  one  of  three  grades  :  lOO^o  or  more,
10%  to  99%,  or  less  than  10%  increase  in  the  time  required  to  reach  50%  first
cleavage  as  compared  with  the  controls.  Weaker  effects  were  detected  as  retarda-
tion  of  second  cleavage  or  of  embryogenesis.  At  23  0.5  C.,  the  temperature
used  for  all  Arbacia  experiments,  50  per  cent  first  cleavage  was  reached  usually  at
52-53  minutes,  but  in  one  experiment  was  as  early  as  50  minutes  and  in  another
as  late  as  61  minutes.  Second  cleavage  reached  50  per  cent  at  84-85  minutes,  with
extremes  at  80  and  93  minutes.
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TABLE I
Names and structures of compounds studied
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This  series  of  mustards  divides  roughly  into  two  groups,  the  majority  block-
ing  cleavage  at  a  few  millimols  per  liter,  and  retarding  the  first  division  at  the  tenths
or  hunclredths  millimolar  level  (down  to  No.  13,  Table  II).  About  half  of  this
group,  including  the  more  typical  nitrogen  mustards  (8,  15,  7,  9,  14,  6,  22),  are
somewhat  more  active  than  the  others,  increasing  cleavage  time  100  per  cent  or
more  at  0.3-0.5  mM/L  and  10-99  per  cent  at  0.03-0.05  mM/L.  The  quick  ef-
fectiveness  of  -hexyl-&-(/3-chloroethyl)-amine  (No.  8),  preventing  all  division
at  0.38  mM/L,  suggests  that  the  six-carbon  chain  is  about  optimal  for  penetration,
as  against  the  longer  and  shorter  groups  tested.

TABLE II
Relative potencies (mM/L) of halogenated alkyl amines in preventing

or retarding Arbacia egg cleavage

Aa:  No  nuclear  or  cytoplasmic  division.  C:  The  time  between  fertilization  and  50%  first
cleavage  increased  by  100%  (Ca),  by  10-99%  (Cb),  or  by  less  than  10%  (Cc).  Cd:  First  cleavage
not retarded but second cleavage retarded. D: First two cleavages not retarded but the blastula,
gastrula, or pluteus retarded.
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Two  potent  mustards  deviate  from  the  typical  structural  pattern.  Methyl-&w-
(/2-chloroethyl)-amine  oxide  (No.  12)  has  its  nitrogen  occupied  by  oxygen  in  ad-
dition  to  the  alkyl  chains.  Attachment  of  the  /?-chloroethyl  radicals  to  separate
nitrogens  (No.  13)  also  forms  an  active  molecule,  as  pointed  out  by  Goldacre,
Loveless  and  Ross  (1949).  A  terminal  chlorine  (No.  19)  or  a  /^-chlorine  (No.
20)  in  a  propyl  chain  appears  to  function  as  well  as  an  ethyl  /^-chlorine,  although
Haddow,  Kon  and  Ross  (1948)  find  the  y  chlorine  inactive  in  chloroalkylaryl
amines.  The  poor  performance  of  No.  4  is  under  suspicion,  particularly  since
these  compounds  hydrolyze  readily  in  the  moist  seaside  atmosphere.  A  fresh
sample  was  not  available  for  re-checking.

Mustards  with  only  a  single  /?-chloroethyl  group  (Nos.  1,  2,  3)  are  relatively
inactive,  as  reported  by  Haddow,  Kon  and  Ross  (1948).  On  the  other  hand,  ad-
dition  of  a  third  /3-chloroethyl  group  (14)  or  even  a  second  substituted  nitrogen
(15)  does  not  confer  outstanding  potency  on  the  molecule.

Tripneustes

Experiments  with  another  species  at  the  same  temperature  show  some  differ-
ences  in  response,  and,  because  the  egg  is  unpigmented,  yield  somewhat  more  in
the  way  of  cytological  detail.

For  comparison,  the  column  headings  used  for  Arbacia  (Table  II  :  Ca,  Cb,  etc.,
indicating  the  extent  of  retardation)  are  similarly  used  for  Tripneustes  in  Table
III.  An  additional  category,  Incomplete  block,  encompasses  more  severe  effects
where  less  than  5  per  cent  of  the  eggs  divided  (b)  or  where  they  did  not  divide  at
all,  but  unlike  completely  blocked  eggs,  they  formed  temporary  furrows  or  under-
went  nuclear  division  in  the  absence  of  cytoplasmic  division  (Ba).  Comparison
is  made  at  the  time  of  50  per  cent  cleavage  which  was  at  86-101  minutes  for  the
first,  and  131-182  minutes  for  the  second  division  at  23,  or  65-82  minutes  for  the
first  and  101-122  minutes  for  the  second  at  25-26  C.

Some  distinctive  cytological  responses  were  observed  in  the  living  eggs.  In
0.521  mM  of  methyl-Z?w-(^-chloroethyl)-amine  (No.  5),  asters  and  spindle  re-
mained  distinct  during  the  1%  hours  that  cleavage  was  delayed  and  persisted  even
longer  in  eggs  which  did  not  divide,  eventually  producing  tetranucleate  eggs  at  6
hours.  At  0.052  mM,  6Q%  of  the  eggs  furrowed,  but  the  furrows  retracted  in  half
of  these.  Persistent,  often  multiple,  mitotic  figures  were  also  seen  in  compounds
15  and  24.

In  comparing  the  effects  of  Nos.  5,  14  and  15  with  the  less  severe  damage  to
Arbacia  eggs,  it  should  be  kept  in  mind  that  the  length  of  exposure  before  the  first
cleavage  is  nearly  twice  as  long  in  Tripneustes,  which  divides  at  about  1%  hours
as  against  50-60  minutes  for  Arbacia  at  23  C.

No.  24  has  only  a  single  fluoroethyl  radical,  and,  as  we  have  seen  from  Arbacia
studies,  such  "hemi-mustards"  are  relatively  ineffective.  However,  No.  24,  al-
though  having  both  ^-fluoroethyl  groups,  is  considerably  less  toxic  than  the  chlorq-
ethylamines.  The  difference  cannot  as  yet  be  assigned  entirely  to  the  halogen
inasmuch  as  the  first  five  (14,  15,  16,  17,  5)  were  tested  at  Bermuda  at  23  C.
and  the  last  three  (11,  25,  24)  at  Bimini  at  25-26  C.  There  are  also  differences
among  different  experiments  with  the  same  compound,  as  shown  by  diverse
severity  of  effects  from  identical  concentrations  of  Nos.  15  and  24.  These  dif-
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ferences  arise  from  differences  in  the  numbers  of  eggs  in  separate  experiments  and
probably  from  differences  in  the  individual  urchins.

Lytcchinus

In  this  species  50  per  cent  cleavage  is  reached  at  46-61  minutes  and  the  second
at  70-83  minutes  at  25-27  C.

Triethylenimino-s-triazine

Triethylene  melamine  is  a  name  commonly  applied  to  compound  No.  21.  Al-
though  lacking  the  /3-halogen,  it  already  carries  the  imine  rings  which  are  formed
by  some  chloroethylamines  in  solution  (Golumbic  et  al.,  1946)  and  it  resembles
nitrogen  mustards  at  least  in  its  ability  to  retard  leukemia  (Burchenal,  et  al.,  1950)
and  solid  tumors  (Lewis  and  Crossley,  1950),  and  its  effects  on  cell  division  (Rose,
Hendry  and  Walpole,  1950).

TABLE  III
Relative potencies (mM/L) of halogenated alkyl amines in preventing

or retarding Tripneustes egg cleavage

Aa:  No  cytoplasmic  or  nuclear  division.  Ba:  Evanescent  furrows  or  nuclear  division  in  the
absence  of  cytoplasmic  division.  Bb:  Less  than  5%  of  the  eggs  divided.  C:  The  time  between
fertilization  and  50%  first  cleavage  increased  by  100%  (Ca),  by  10-99%  (Cb),  or  by  less  than
10% (Cc). Cd : First cleavage not retarded but second cleavage retarded. D : First two cleavages
not retarded but the blastula, gastrula, or pluteus retarded.

At  9.8  mM/L  it  retarded  the  first  cleavage  35-42  minutes  (Cb)  and  prevented
completion  of  the  second  cleavage.  Half  this  dose  retarded  the  first  cleavage  25-
30  minutes  (Cb)  and  the  second  cleavage  1-2  hours.  The  second  division  was  re-
markably  unequal,  producing  some  blastomeres  %  and  %  the  diameter  of  their
sisters.  At  0.49  mM/L  the  first  cleavage  was  retarded  4  minutes  and  the  second  29
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minutes,  but  the  embryos  died  before  becoming  blastulae.  Retardation  of  the  first
cleavage  was  one  minute  and  the  second  9  minutes  at  0.049  mM/L.  These  became
abnormal  gastrulae.

Triethylenimino-^-triazine  thus  resembles  the  mustards  in  producing  extreme
retardation  at  comparable  doses,  but  is  unlike  them  in  that  concentrations  which
produce  slight  retardations  are  eventually  lethal.

Dose-effect  relationships  with  HN2

For  the  more  detailed  study  of  dose-effect  relations  and  cytological  effects,
methyl-few  (y8-chloroethyl)-amine  (Compound  5,  often  called  HN2)  was  chosen
as  a  typical  mustard.  The  Lytechinus  egg  was  used  because  the  nucleus  and
mitotic  figure  can  be  clearly  observed  in  the  living  egg.

TABLE  IV

Relationships between concentration of HN2 and inhibition
of cleavage in Lytechinus eggs

mn.Expt. Ill:  Control first cleavage 63 j^ min.; second cleavage 84 V
Expt. I: Control first cleavage 55J/2 min.; second cleavage 823/2
Percentage inhibition based on 90% control cleavage in both experiments.

The  percentages  of  Table  IV  show  that  the  curve  for  blocking  (2-8  niM)  is
steeper  than  for  retardation  (0.03-1.0  mM),  suggesting  that  two  mechanisms  are
involved.  Quite  possibly  cytoplasmic  division  is  affected  separately  at  the  higher
concentrations,  a  separation  which  was  visible  in  eggs  where  cleavage  was  sup-
pressed  but  where  the  achromatic  figure  was  still  active  and  the  nucleus  sometimes
divided.  Higher  doses  were  required  to  produce  effects  comparable  to  those  ob-
tained  with  Arbacia  and  Tripneustes.  These  experiments  were  run  at  Bimini  at
temperatures  of  24.7-25.8  C.,  so  environmental  as  well  as  species  differences  may
enter in.

"Prophase  block"

Some  investigators  find  that  the  prophase  is  particularly  susceptible  to  mustard
and  other  "radiomimetic"  poisons.  In  sea  urchin  eggs,  no  one  phase  appeared
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to  be  selectively  hit.  Rather,  the  entire  mitotic  sequence  was  slowed.  In  the  ex-
periments  described  below,  the  average  temperature  ranged  from  24.7  C.  to
26.7  C.,  with  a  maximum  variation  within  each  experiment  of  0.2  C.

Eggs  heavily  poisoned  (8.32  mM/L)  44-53  minutes  before  control  50  per  cent
cleavage,  i.e.,  early  prophase,  maintained  a  high  percentage  of  intact  nuclei,  al-
though  the  number  fluctuated  as  if  the  nuclei  were  dissolved  and  reforming.  In  ex-
periment  III  the  first  drop  in  numbers  of  nuclei  was  preceded  by  a  period  of  per-
sistent  asters.  The  second  decline,  at  13  hours,  showed  no  evidence  of  mitotic
activity  other  than  the  disappearance  of  half  of  the  nuclei  which  then  reappeared
by  22  hours.  At  slightly  lower  doses  (6.25  and  4.16  mM/L)  an  appreciable  num-
ber  of  eggs  divided,  preceded  by  a  normal  dissolution  of  the  nucleus.  But  nuclei
also  disappeared  about  the  same  time  in  25-75  per  cent  of  the  eggs  which  did  not
divide.  Moreover  nuclei  reappeared  in  only  25-75  per  cent  of  the  divided  eggs.
Hughes  (1950)  also  reports  reconstruction  of  nuclei  in  cells  blocked  at  metaphase
by  nitrogen  mustard.

Exposure  begun  when  the  eggs  were  in  late  prophase  or  in  metaphase  retarded
the  first  cleavage,  but  permitted  most  of  the  eggs  to  divide.  At  8.32,  6.25  and  4.16
mM/L  the  effects  were  the  same  as  with  doses  earlier  in  the  cycle,  except  that  they
appeared  one  cleavage  later.  Nuclei  appeared  in  some  of  the  blastomeres,  and  some
of  these  then  disappeared,  usually  coincident  with  cleavage.  Most  of  the  blas-
tomeres  resulting  from  the  second  and  later  cleavages  did  not  form  nuclei.  A  single
nucleus  appeared  in  about  half  of  the  eggs  which  did  not  divide.  A  small  percentage
of  the  one-cell  and  two-cell  stages  formed  karyomeres  instead  of  whole  nuclei.
Occasionally  a  blastomere  became  binucleate  or  underwent  multiple  cleavage.

Exposure  to  6.25  mM/L  at  the  end  of  the  first  mitotic  cycle  or  early  in  the
second  produced  the  same  phenomena  one  stage  later.  Nuclei  appeared  in  most
of  the  blastomeres.  Half  of  them  disappeared  at  a  time  when  other  eggs  were
fragmenting,  and  in  experiment  VI,  at  least  (exposure  17  minutes  before  50  per
cent  second  cleavage),  most  of  these  nuclei  had  reappeared  by  9  hours  after  fertili-
zation.  At  the  two-cell  and  four-cell  stages,  karyomeres  appeared  in  from  6  to
100  per  cent  of  the  blastomeres,  depending  upon  the  experiment.  Rarely  a  blas-
tomere  at  the  two-cell  stage  was  binucleate.  Exposure  begun  when  some  of  the
eggs  had  already  divided  twice  yielded  a  nuclear  cycle  in  the  four-cell  stage  :  nuclei
reaching  64  per  cent,  then  dropping  to  34  per  cent  as  some  of  the  eggs  divided,  and
finally  disappearing  from  all  eggs  at  9%  hours,  when  a  fourth  of  the  eggs  were
disintegrating.

These  data  show  that  even  when  eggs  are  exposed  in  early  prophase,  and
poisoned  to  the  extent  that  the  prophase  is  much  prolonged,  the  nucleus  neverthe-
less  dissolves  and  often  re-forms.  These  reformed  nuclei  may  be  the  "prophases"
observed  by  others.  Exposure  late  in  the  mitotic  cycle  shows  that  eggs  can  be
stopped  after  completion  of  the  prophase,  presumably  at  metaphase  since  subse-
quently  many  form  a  single  nucleus.  Karyomeres,  binucleation  and  multiple  cleav-
age  testify  to  the  varying  degrees  of  disruption  to  which  the  telophase  is  subject.

If  there  were  a  prophase  effect  such  as  is  found  in  the  intact  mammal,  one
would  expect  that  at  the  time  for  the  first  prophase,  or  at  least  at  the  second
prophase,  the  nucleus  would  fold  up  into  a  pycnotic  mass  and  the  whole  cell  would
expire.  Yet,  the  prophases  appear  in  an  orderly  manner,  the  asters  build  up,  and
a  spindle  replaces  the  nucleus.  Such  a  mitotic  figure  might  persist  for  an  hour  and
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a  half,  and  eventually  succeed  in  dividing  the  egg.  Indeed,  if  any  one  phase  is  to
be  considered  sensitive  in  the  sea-urchin  egg,  it  is  telophase.  Frequently  the  eggs
almost  divide  and  then  the  furrow  regresses,  leaving  a  binucleate  egg.

Evidence  for  prophase  damage  by  mustards  comes  mostly  from  experiments
with  intact  animals  (Dustin,  1947;  Friedenwald  and  Buschke,  1948;  Gillette  and
Bodenstein,  1946).  It  is  not  found  in  isolated  cells  such  as  Arbacia  eggs  (Hutchens
and  Podolsky,  1948)  or  tissue  cultures  (Hughes,  1950;  Meier  and  Schar,  1947;  Fell
and  Allsopp,  1949)  or  in  some  plants  (Novick  and  Sparrow,  1950;  Hohl,  1948).
This  suggests  that  systemic  influences  on  mitosis  be  considered  before  different  sen-
sitivities  of  division  phases  be  ascribed  entirely  to  intrinsic  properties  of  the  mitotic
cycle.

Synergisin  with  urethan

Skipper  (1949)  has  found  a  synergism  between  nitrogen  mustards  and  urethan
in  decreasing  the  white  cell  count  in  mice.  For  comparison,  eggs  were  exposed  to
22.5  and  45  mM  urethan,  and  0.032  and  0.065  mM  HN2  (No.  5)  separately  or
combined.

Urethan  alone  at  22.5  mM  retarded  first  cleavage  6  minutes,  and  second
cleavage  6  minutes  and  retarded  the  gastrulae.  HN2  alone  at  0.032  mM  retarded
the  second  cleavage  1%  minutes  and  caused  abnormal  blastulae.  Together  they
retarded  the  first  cleavage  one-half  minute  and  the  second  cleavage  three  minutes
and  produced  abnormal  blastulae.

In  urethan  alone  at  45  mM,  only  12  per  cent  of  the  eggs  had  divided  an  hour
after  the  controls  divided,  and  the  gastrulae  were  irregular.  HN2  at  0.065  mM
did  not  affect  the  first  cleavage,  but  retarded  the  second  7  minutes,  and  produced
abnormal  blastulae.  These  doses  combined  gave  12  per  cent  cleavage  an  hour  late,
and  irregular  blastulae.

The  effects  are  no  more  than  the  separate  effects  of  the  urethan  on  the  early
cleavages  and  HN2  on  the  larvae.  The  synergism  observed  in  mice  would  appear
to  involve  systemic  effects  which  do  not  operate  on  isolated  dividing  cells.  Fur-
ther,  the  different  patterns  of  effect  and  of  dose-effect  ratios  indicate  caution  (al-
ready  pointed  out  by  Loveless  and  Revell,  1949)  in  grouping  these  poisons  to-
gether  as  "radiomimetic"  (Dustin,  1947).

SUMMARY

1.  The  capacities  of  different  mustards  for  blocking  or  delaying  the  cleavage
of  sea  urchin  eggs  were  compared  by  exposing  the  eggs  of  Arbacia  punctulata,
Tripneustes  esculentus  and  Lyt  echinus  varie  gains  to  freshly  prepared  solutions
continuously,  beginning  10  to  13  minutes  after  fertilization.

2.  At  least  two  /?-halo  groups  are  necessary  to  confer  the  highest  potency  of  the
molecule.  A  third  /?-chloroethyl  or  a  second  &w-(/?-chloroethyl)-amine  group,  or
a  non-chlorinated  substitution  on  the  nitrogen  alters  the  activity  of  the  molecule.
/?-chloropropyl  or  y-chloropropyl  can  substitute  for  the  /3-chloroethyl  radical.
Methyl  frw-/?-bromine  was  slightly  more  active  than  its  chlorine  homologue  and  a
fluorine  congener  was  probably  less  active.
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3.  Environmental  conditions  have  not  been  standardized  in  these  experiments
to  permit  an  evaluation  of  differences  in  susceptibility  of  the  different  species.

4.  In  the  range  of  0.065-1.040  mM  methyl-foV(/?-chloroethyl)  -amine,  re-
tardation  of  second  cleavage  increases  slowly  with  successive  doublings  of  dose.
Increasing  the  concentration  beyond  1.040  mM  rapidly  decreases  the  percentage  of
eggs  which  divide.

5.  The  course  of  events  in  eggs  exposed  at  the  beginning  of  prophase,  and  later
in  the  first  and  subsequent  mitotic  cycles  points  to  a  general  slowing  of  mitosis.
Any  phase  of  mitosis  can  be  blocked,  depending  upon  the  dose  and  time  of  exposure.

6.  There  is  no  synergism  between  urethan  and  methyl-&u-(/?-chloroethyl)-
amine  when  they  are  combined  in  threshold  doses.

LITERATURE  CITED

BURCHENAL,  J.  H.,  M.  L.  CROSSLEY,  C.  C.  STOCK  AND  C.  P.  RnoAos,  1950.  The  action  of
certain  ethylenimine  (Aziridine)  derivatives  on  mouse  leukemia.  Arch.  Biochem.,
26: 321-323.

CORNMAN, I., 1950. Inhibition of sea-urchin egg cleavage by a series of substituted carbamates.
/.  Nat.  Cancer  Inst.,  10:  1123-1138.

DUSTIN,  P.,  1947.  Some  new  aspects  of  mitotic  poisoning.  Nature,  159:  794-797.
FELL,  H.  B.,  AND  C.  B.  ALLSOPP,  1949.  Tissue  culture  experiments  on  the  biological  action  of

methyl  bis  (/3-chloroethyl)  amine  and  its  hydrolysis  products.  Cancer  Res.,  9:
238-246.

FRIEDENWALD,  J.  S.,  AND  W.  BUSCHKE,  1948.  Nuclear  fragmentation  produced  by  mustard
and  nitrogen  mustards  in  the  corneal  epithelium.  Bull.  Johns  Hopkins  Hasp.,  82:
161-177.

GILLETTE,  ROY,  AND  D.  BODENSTEIN,  1946.  Specific  developmental  inhibitions  produced  in
amphibian  embryos  by  a  nitrogen  mustard  compound.  /.  Exp.  Zool.,  103  :  1-32.

GOLDACRE,  R.  J.,  A.  LOVELESS  AND  W.  C.  J.  Ross,  1949.  Mode  of  production  of  chromosome
abnormalities  by  the  nitrogen  mustards  :  the  possible  role  of  cross-linking.  Nature,
163 : 667-669.

GOLUMBIC, C., J. FRUTON AND M. BERGMAN, 1946. Chemical reactions of the nitrogen mustard
gases.  I.  The  transformations  of  methyl-fez'.?  (/3-chloroethyl)  amine  in  water.  /.
Organic Chem., 11 : 518-535.

HADDOVV,  A.,  G.  A.  R.  KON  AND  W.  C.  J.  Ross,  1948.  Effects  upon  tumours  of  various
haloalkylamines.  Nature,  163:  824-825.

HOHL,  K.,  1948.  Vergleichende  Untersuchungen  iiber  die  Beeinflussung  der  Mitose  durch
Rontgenstrahlen  und  chemische  Stoffe.  Radial,  din.  (Basel),  17:  302-309.

HUGHES,  A.  F.  W.,  1950.  The  effect  of  inhibitory  substances  on  cell  division.  A  study  of
living  cells  in  tissue  cultures.  Quart.  J.  Micro.  Sci.,  Sr.  3,  91  :  251-277.

HUTCHENS,  J.  O.,  AND  B.  PoDOLSKY,  1950.  The  effects  of  nitrogen  mustards  on  cleavage  and
development  of  Arbacia  eggs.  Biol.  Bull.,  95:  251.

LEWIS,  M.  R.,  AND  M.  L.  CROSSLEY,  1950.  Retardation  of  tumor  growth  in  mice  by  oral  ad-
ministration  of  ethylenimine  derivatives.  Arch.  Biochem..  26:  319-320.

LOVELESS,  A.,  AND S.  REVELL,  1949.  New evidence  on  the  mode of  action  of  "mitotic  poisons."
Nature, 164: 938-944.

MEIER,  R.,  AND  B.  SCHAR,  1947.  Differentiation  de  1'action  antimitotic  sur  la  cellule  animale
normale  in  vitro.  Experientia,  3  :  358-366.

NOVICK,  A.,  AND  A.  H.  SPARROW,  1949.  The  effects  of  nitrogen  mustard  on  mitosis  in  onion
root  tips.  /.  Hered.,  40:  13-17.

ROSE,  F.  L.,  J.  A.  HENDRY  AND  A.  L.  WALPOLE,  1950.  New  cytotoxic  agents  with  tumour  in-
hibitory  activity.  Nature,  165  :  993-996.

SKIPPER,  H.  E.,  1949.  Carbamates  in  the  chemotherapy  of  leukemia.  V.  Observation  of  a
possible  antileukemic  synergism  between  urethane  and  methyl-few  (/3-chloroethyl)
amine.  Cancer,  2:  475-479.



Cornman, Ivor and Cornman, Margaret Evans. 1952. "THE EFFECTS OF
DIFFERENT HALOGENATED ALKYL AMINES ON THE DIVISION OF SEA URCHIN
EGGS." The Biological bulletin 103, 44–53. https://doi.org/10.2307/1538404.

View This Item Online: https://www.biodiversitylibrary.org/item/17391
DOI: https://doi.org/10.2307/1538404
Permalink: https://www.biodiversitylibrary.org/partpdf/2313

Holding Institution 
MBLWHOI Library

Sponsored by 
MBLWHOI Library

Copyright & Reuse 
Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: University of Chicago
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 25 August 2023 at 14:17 UTC

https://doi.org/10.2307/1538404
https://www.biodiversitylibrary.org/item/17391
https://doi.org/10.2307/1538404
https://www.biodiversitylibrary.org/partpdf/2313
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

