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lymphocytes ,  po lymorphonuc lea r  granulocytes  (in- 
c luding eosinophils) and f ibroblas t  were also seen. The 
cells aggregated  a round  muscle  f r agment s  (figures l b  
and 3a). 
E lec t ron  microscopy revealed t h a t  the  appa ren t l y  well 
preserved  myof ibres  were in rea l i ty  in var ious  s tages of 
degenera t ion .  However ,  where  muscle was alone, the  
degree of d i s rup t ion  was m u c h  less marked  t h a n  a t  the  
cor responding  per iod of mixed  cul ture.  In  the  mixed  6- 
day-cul tures ,  the  myof i l amen t s  and sarcotubules  were 
m a t t e d  toge the r  in to  f ibri l lary or amorphous  sarco- 
plasmic ' sap ' .  The mi tochondr i a  were enlarged,  dark,  
a r ranged in rows or c lumped  together .  Myonuelei,  where  
recognized, were small,  pale wi th  coarse ch roma t in  and  a 
'b l is tered '  envelope.  Wi th in  myof ibre  ba semen t  m e m -  
branes  as well as outs ide  them.  F r a n k  myob las t s  r ich in 
polyr ibosomes,  small  pale mi tochondr ia  and  recognizable 
th ick  and th in  myof i l amen t s  were also seen (figure 3b, c). 
In  m a n y  cells, phagocytos i s  and  myof i l amen t  syn thes i s  
occurred side by  side. 
In  chamber s  where gold t r e a t ed  bone mar row was mixed  
wi th  muscle f ragments ,  no myoblas t ic  ac t iv i ty  was seen 
at  6 days  of culture,  and  it was still s l ight  a t  12 and 18 
days.  The gold p rec ip i ta ted  in large macrophage- l ike  cells 
conta in ing  mul t ives icular  and he terogeneous  bodies 9,*~ 
These cells were a lways well separa ted  f rom the  myo-  
fibres. 
In  th is  s t u d y  we were no t  concerned  wi th  q u a n t i t a t i v e  
factors  known  to  inf luence prol i fera t ion and differen-  
t ia t ion ~, b u t  wi th  the  effect  of dis ta l ly  arising cells on 
ear ly  changes  in exp lan ted  myofibres.  No par t icu la r  a t -  
t en t ion  was paid to the  changes  in blood vessels or nerves.  
Our results  indicate  t h a t  a r emarkab le  accelerat ion of de- 
genera t ive  and regenera t ive  processes takes  place when  

bone  mar row cells are mixed  wi th  muscle  f r agmen t s  
(table). 
The  bone  mar ro w  der ived ceils ( including p o l y m o r p h s  
which  soon degenera te  and  mix  wi th  the  general  pool of 
debris) are p ro b ab l y  responsib le  for mos t  of t he  rap id  
myof ibre  degrada t ion ,  a l though  young  myoblas t s ,  t h e m -  
selves phagocy t i c  a2, m a y  con t r ibu te  to a 'mop  up '  opera-  
t ion.  The contrac t i le  p ro te in  decrease acts  as a powerful  
s t imulus  to  b iosynthes is  2 and  m y o b l a s t  fo rma t ion  in the  
genera l ly  accep ted  ways.  Af te r  gold t r e a t m e n t ,  the re  are 
no t  only  fewer bone  mar row ceils b u t  the i r  phagocy tos ing  
and  metabol ic  act ivi t ies  are m u c h  decreasedL Thus,  
w i t h o u t  rapid  degenera t ion  no accelera ted regenera t ion  
occurs, 

Anothe r  possible,  even  if far - fe tched,  i n t e r p r e t a t i o n  could 
be t h a t  cells or ig inat ing f rom bone mar row are themse lves  
induced  to t r ans fo rm into myoblas t s .  This  could be 
b r o u g h t  abou t  by  incorpora t ion  of mate r ia l  f rom the  
degenera t ing  muscle or by  fusion wi th  myogenic  cells. 
The pauc i ty  of degenera t ing  mononuc lea r  cells, the  scarce 
mi toses  and o the r  morphologica l  fea tures  suggest  t h a t  a 
t rans i t ion  f rom re la t ive ly  s imple  mobile  mononuc lea r  
cells into large complex  forms act ively  engaged in myo-  
genesis  m a y  indeed be t ak ing  place. Theoret ical ly ,  such 
an in t e rp re t a t i on  is feasible as macrophages  are known to 
engage in reut i l iza t ion of inges ted  p roduc t s  and t h e y  
a p p a r e n t l y  can t r ans fo rm into other ,  even unrela ted ,  
forms such as me l an o ma  cells in culturela.  
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Summary.  We repor t  here the  first  demons t r a t i on  t h a t  the  carcinogen 2-ni trosofluorene reacts  d i rec t ly  wi th  lipid 
molecules conta in ing  ca rbon-ca rbon  double  bonds  to yield free radicals  which appear  to be the  n i t roxyl  free radical  
of the  carcinogen cova len t ly  bound  to the  lipid. 

2-Nitrosofluorene (NOF) is an ac t iva ted  form of the  car- 
cinogen 2-acetylaminof luorene (AAF) and produces  tu-  
mors in m a m m a r y  gland as well as a t  the  site of sub-  
cu taneous  in ject ion 2. N O F  can be formed e i ther  by  de- 
acyla t ion of N-hydroxy-N-ace ty l -2 -aminof luorene  (N- 
OH-AAF) ,  i tself an ac t iva ted  form of AAF,  and then  
subsequen t  non-enzymat i c  oxidat iona;  or by  the  peroxi-  
dase or free radical  route  of N - O H - A A F  ac t iva t ion  4 s. 
We repor t  here the  f i rs t  d e m o n s t r a t i o n  t h a t  N O F  when  
exposed to  lipid molecules con ta in ing  a ca rbon-ca rbon  
double  bond  reacts  readi ly  to form a free radical  which  
we pos tu la te  is the  n i t roxy l  free radical  of the  NOF-  
lipid addi t ion  product .  
N O F  was synthes ized  as descr ibed previously  7. The 
synthes ized  com pound  was pure  by  th in  layer  ch romatog-  
r a p h y  and had the  same mel t ing  po in t  and  UV spec t ru m 
as repor ted  by  Lot l ikar  e t  alY. Linoleic acid, oleic acid, 
octanoic  acid and squalene were purchased  in their  pure  
forms f rom Sigma Chemical  Co. These were di luted wi th  
deoxygena ted  m e thano l  to a concen t ra t ion  of 2~ and  

s tored under  n i t rogen at  -20~ Optical  survei l lance a t  
233 n m  indica ted  the  absence  oi hydroperox ides .  All 
reac t ions  were carr ied ou t  in 0.05 M p H  7.4 po tass ium 
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p h o s p h a t e  buffer.  E lec t ron  Spin Resonance  (ESR) spec t ra  
were ob ta ined  a t  room t e m p e r a t u r e  using a Var ian  E-9 
X - b a n d  sys t em opera t ing  a t  100 kHz.  
Our novel  resul ts  are p resen ted  in the  figure. N O F  reac ted  
wi th  squalene,  oleic acid and linoleic acid to  p roduce  free 
radicals  as ind ica ted  b y  the  ESIR  spect ra .  The 3-line- 
s p e c t r u m  in each case and the  g values suggest  t h a t  t he  
free radicals  p roduced  are n i t roxy l  free radicals  (also see 
below) wi th  n i t rogen  spl i t t ing  cons t an t s  of 11.85 gauss 
for b o t h  linoleic and  oleic acid and  11.35 gauss for 
squalene.  All hyd roca rbons  conta in ing  ca rbon-ca rbon  
double  bonds  t h a t  we have  t e s t ed  thus fa r  including puri-  
fied egg leci thin suspended  as l iposome vesicles reac t  
wi th  N O F  to yield E S R  spec t ra  ve ry  similar to those  
shown in t he  figure. However ,  all h y d r o c a r b o n s  lacking a 
ca rbon-ca rbon  double  bond  t h a t  we have  t e s t ed  do no t  
yield a free radical  spec t rum.  We have  found t h a t  the  
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ESR spectra obtained after 2-nitrosofluorene (NOF) was allowed to 
react with various unsaturated lipids. NOF (0.25 ~moles) was added 
to 2 ml of potassium phosphate buffer containing: a) 3.57 ~xmoles of 
linoleie acid, b) 3.57 ~moles of oleic acid and c) 2.44 ~xmoles of 
squalene. The ESR sweep was started 20 see after the reaction was 
initiated by addition of the lipid in a small amount of methanol. 
Under these conditions, the amount of free radical reached a ma- 
ximum after about 15 rain and stayed relatively constant in amount 
for the next hour. The ESR conditions were: sweep time, 100 gauss 
in 30 rain with a filter constant of 10 see, frequency 9.5305 GHz at 
15 mW incident power, modulation 8 gauss at 100 kHz, temperature 
25~ Spectrum D is that of the Fremy's salt standard. No free 
radical signal was obtained with either NOF only in buffer or with 
any one of the lipids alone ill buffer. 

a m o u n t  of free radical  fo rmed t e n d s  to  follow the  n u m b e r  
of double  bonds  in the  lipid molecule.  This  is no t  a s t r ic t  
re la t ionship,  however ,  and  we believe the  pos i t ioning of 
tile double  bonds  in re la t ion  to each o the r  is also ve ry  
impor t an t .  A more  deta i led  t r e a t m e n t  of our  observa t ions  
will be  pub l i shed ;  b u t  for t he  p re sen t  communica t ion ,  i t  
is i m p o r t a n t  to  po in t  ou t  t h a t  E D T A  (e thy lenediamine  
t e t raace t i c  acid) did n o t  inf luence the  a m o u n t  of free 
radicals  fo rmed or the  reac t ion  rate.  Therefore  we believe 
the  reac t ion  occurs d i rec t ly  w i t h o u t  a ca ta lys t  (such as a 
t race  of me ta l  ions) being necessary.  
Our resul ts  were ve ry  surpr is ing b u t  a t h o ro u g h  search of 
the  l i te ra ture  revealed t h a t  Sull ivan 1~ had  observed  a 
s o mew h a t  similar  reac t ion  in 1966 in t h a t  n i t rosobenzene  
reac ted  d i rec t ly  wi th  2, 3 -d imethy lbu tene  to  yield s table  
n i t roxy l  free radicals  hav ing  g values  and  n i t rogen spl i t t -  
ing cons tan t s  similar to  the  ones we repor t  here. He  
pos tu la t ed  t h a t  t he  reac t ion  occurred via a 'novel  pseudo 
Dield-Alder '  mechan i sm in which  the  h y d ro x y l ami n e  was 
an in t e rmed ia t e  and t h a t  oxygen  and /o r  n i t rosobenzene  
oxidized the  h y d r o x y l a m i n e  t o  the  n i t roxy l  free radical  
form. K n i g h t  succeeded in isolat ing the  h y d r o x y l a m i n e  
in t e rmed ia te  in good yield 4 years  la ter  n.  We have  found  
t h a t  oxygen  is no t  required in the  reac t ion  descr ibed here 
and  t h a t  unde r  these  condi t ions  N-hydroxy-2-amino-  
f luorene (i.e. reduced  NOF) is fo rmed in the  react ion.  
Therefore,  because  of these  and  m a n y  o the r  observa t ions  
to be descr ibed in detai l  la ter  we bel ieve N O F  adds  di- 
rec t ly  to the  ca rbon-ca rbon  double  bond  of a hydro-  
carbon produc ing  the  h y d r o x y l a m i n e  in te rmedia te  which 
is t hen  oxidized to  the  n i t roxy l  free r a d i c a l .  
I t  is clear f rom the  resul ts  p re sen ted  here  t h a t  N O F  when  
formed in vivo will reac t  w i th  lipids Containing double  
bonds  to p roduce  a novel  form of t he  carcinogen.  The t rue  
significance of th is  reac t ion  to the  unde r s t and ing  of A A F  
carcinogenesis  mus t  awai t  fu r ther  inves t igat ion.  I t  should,  
however ,  be no ted  t h a t  St ier  e t  al. 1~ observed n i t roxyl  free 
radicals  hav ing  proper t ies  s o m e w h a t  similar to the  free 
radical  observed  here  in the  ch lo ro fo rm-methano l  ex t r ac t  
of r abb i t  l iver microsomes  metabol iz ing  AAF.  All of these  
observa t ions  t e n d  to indica te  t h a t  the  react ion repor ted  
here does occur  in vivo and  po in t  to a need  to u n d e r s t a n d  
the  na tu re  of th is  reac t ion  in grea te r  detai l  as well as its 
significance to A A F  carcinogenesis.  
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Summary. A series of n i t ro th iophene  compounds ,  w i th  ac t iv i ty  against  Schis tosoma mansoni  in mice, is descr ibed and 
shown to  be more  effect ive t h a n  the  cor responding  ni t rofurans .  

Inves t iga t ions  carr ied out  to de te rmine  the  s t ruc tura l  re- 
qu i r emen t s  of n i t roheterocycl ic  an t i sch is tosome com- 
pounds  have  so far indica ted  t h a t  ac t iv i ty  can be found 
in n i t ro imidazoles  1, n i t ro th iazoles  2, n i t rofurans  a and  
n i t ro th iophenes  4. Of these,  t he  n i t ro imidazoles  have  pro-  
duced oogram changes  only;  wi th in  the  n i t ro thiazoles  and 
n i t rofurans ,  t he  range of act ive compounds  has  been 

l imited to ce r ta in  specific s t ruc tu ra l  fea tures  3-5 a n d  the  
only n i t ro th iophenes  to exh ib i t  even  weak ac t i v i t y  have  
been the  analogues of ac t ive  n i t ro furans  ~. 
The ma jo r i t y  of n i t rohe terocycl ic  compounds  t e s t ed  do 
no t  possess a n y  siguif icant  an t i sch i s tosome,  act ion,  and  
th is  lack of effect  has  been  a t t r i b u t e d  b y  Bued ing  a n d  his 
co-workers  a-.~ to  the  absence of such s t ruc tura l  necessi t ies  


