
15.2. 1977 Specialia 265 

T h e  regress ion  of m o r t a l i t y  r a t e s  for gas t r ic  cancer  on 
t h e  n i t r a t e s  used  per  u n i t  a rea  showed  a h i g h l y  s ign i f i can t  
assoc ia t ion  b e tween  t he se  va r i ab les  (F  = 16.47; d.f .  = 
1, 20; p < 0.0006). T h e  l inear  regress ion e q u a t i o n  is: 
Y = 33.826 + 2.161 X,  where  Y = a g e - a d j u s t e d  m o r t a l i t y  
r a t e s  for s t o m a c h  cancer  a n d  X = n i t r a t e s  used  per  u n i t  
area.  Th e  corre la t ion  coeff icient  was  + 0.672. 

I t  is i n t e re s t ing  to no te  t h a t  Curic6 Province ,  a p a r t  
of t h e  Cent ra l  Valley,  wh ich  showed  a m e a n  a n n u a l  va lue  
of 82.2 kg /ha ,  h a d  one of t he  h i g h e s t  a g e - a d j u s t e d  mor -  
t a l i t y  ra tes  per  100,000 p o p u l a t i o n  for s t o m a c h  cancer  
in t h e  world (84.1 for males ,  40.8 for females)  in the  years  
1960, 1962 an d  1964. Also, Ta lca  Province ,  loca ted  in 
the  Cent ra l  Valley,  wh ich  showed  a m e a n  a n n u a l  va lue  
of 64.3 kg /ha ,  h a d  e x t r e m e l y  h igh  a g e - a d j u s t e d  d e a t h  
r a t e s  per  100,000 p o p u l a t i o n  for s t o m a c h  cancer  (72.3 
for males ,  35.9 for females)  in 1960, 1962 and  1964. 

Th e  gas t r ic  cancer  m o r t a l i t y  ra te  a m o n g s t  ma les  f r om 
Curic6 P rov ince  (84.1/100,000) is su rpa s sed  on ly  b y  t he  
ma le  ra te  f rom Miyagi  P re fec tu re  in J a p a n  (95.3/ 
100,000) 1~ Th e  gas t r ic  cancer  m o r t a l i t y  ra te  a m o n g s t  
females  f rom Curic6 P rov ince  (40.8/100,000) is t he  h i g h e s t  
in t h e  world.  

Curic6 a nd  Ta lca  Provinces ,  t o g e t h e r  w i th  t he  o the r  
p rov inces  of the  Cent ra l  Valley,  h a v e  a M e d i t e r r a n e a n  
agr icul ture .  Curic6 a nd  Ta lca  have ,  as m a i n  crops,  whea t ,  
beans ,  maize,  rice, a wide v a r i e t y  of f ru i t s  (grapes, 
oranges ,  lemons ,  apples ,  peaches ,  apr icots ,  p lums ,  figs, 
pears ,  cherries,  etc.),  a n d  green  vege t ab l e s  suc h  as le t tuce ,  
cabbage ,  on ions  a n d  celery.  T h e  a u t h o r  bel ieves  t h a t  the  
e s t i m a t i o n  of t o t a l  n i t r a t e  levels of t he  d ie t  of people 
l iv ing in h igh-  a n d  low-risk a reas  for gas t r i c  cancer  m a y  
prov ide  d a t a  of ke y  in te res t .  

Because  of t he  ser ious  biological  effects  of n i t rogen  
fert i l izers on the  e n v i r o n m e n t ,  e l imina t ion  of ferti l izer 
n i t rogen  use  for 10 yea r s  ha s  been  called for in order  to 
res tore  the  ba lance  of n a t u r e  1~, ~2. 
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Summary .  Cell d a m a g e  can  be de tec ted  in l iv ing cells b y  acr idine o range  f luorescence  earl ier  t h a n  wi th  p h a s e  c o n t r a s t  
mic roscopy  or w i th  c o n v e n t i o n a l  h is tological  m e t h o d s .  T h e  c ha nge  in t he  acr idine o range  f luorescence  f rom green to 
red indica tes  t h a t  tile s e c o n d a r y  s t r u c t u r e  of the  D N A  is a l tered  v e r y  ear ly  du r ing  t he  cell dea th .  

Acr idine  o range  (AO) is a c o m m o n l y  used  f luorescen t  dye. 
I t  h a s  been sh o wn  t h a t  AO b inds  to the  nucleic  acids in a 
w a y  which  is d e p e n d e n t  u p o n  the i r  s e c o n d a r y  s t ruc tu re .  
I t  b inds  to double  s t r a n d e d  helical  D N A  in a m o n o m e r  
molecu la r  fo rm caus ing  a f luorescence emiss ion  m a x i m u m  
a t  522 nm,  W i t h  decreas ing  s t r u c t u r a l  o rgan iza t ion  of t he  
nucleic  acid chains ,  t he  AO b inds  in an  assoc ia ted  mole-  
cu lar  fo rm wi th  a h ighe r  emiss ion  m a x i m u m .  For  ins tance ,  
in r a n d o m  coiled po ly  (U) the  emiss ion  m a x i m u m  is a b o u t  

665 n m  2. U sua l l y  these  p roper t i e s  of AO can  be seen in 
the  f luorescence  microscope  as a green nuc lea r  f luores-  
cence of D N A  and  as a red c y t o p l a s m i c  f luorescence  of 
R N A .  
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Fig. 1. A phase contrast microscopic picture of early postmeiotic 
cells from stage I of rat spermatogenesis. Vineristine (0.25 ~zg) had 
been injected intratesticularily 24 h earlier. The cells a, b, c and d 
appear normal whereas the cells e and f show an increased negative 
phase change indicating cell damage. 

Fig. 2. A picture showing the AO fluorescence of the same early post- 
meiotic cells as in figure 1. A green nuclear fluorescence typical to 
normal cells is seen ill cells a and b. The cell c has a somewhat in- 
creased red fluorescence of the nucleus and the cells e and f are 
clearly red. Note especially the cell d, which has a normal structure 
in the phase contrast picture but stains red with AO fluorescence as 
a sign of early cell damage. 
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I n  th i s  work,  we h a v e  s tud ied  t h e  ea r ly  d e t e c t i o n  of cell 
d a m a g e  b y  s u p r a v i t a l  acr id ine  o range  s ta in ing.  The  cell 
d a m a g e  was caused  b y  in jec t ing  0.25 tzg of v inc r i s t ine  
(Eli Li l ly  a n d  Co., Ind ianapo l i s ,  Ind. ,  USA)  i n t r a t e s t i cu -  

l a r i l y  in t he  ra t .  This  d rug  causes  a n  a r r e s t  of t he  ceils in  
m e t a p h a s e  d u r i n g  t he  meiot ic  divisions,  wh ich  is followed 
b y  a progress ive  degene r a t i on  a n d  d e a t h  of these  cells. 
The  r a t  was  kil led b y  a b low on t he  h e a d  24 h a f te r  t he  
in jec t ion  a n d  t he  semini fe rous  t ubu l e s  of the  tes t i s  were 
d issected  free f rom t h e  in t e r s t i t i a l  t i ssue  3. The  isola ted 
tubu le s  were obse rved  u n d e r  t r a n s m i t t e d  l igh t  in  a pre-  
p a r a t i o n  microscope.  T he  d i f fe rent  s tages  of t he  semini-  

f e r o u s  ep i the l i um c o n t a i n i n g  c o n s t a n t  accu ra t e ly  k n o w n  
cell assoc ia t ions  a a b s o r b  l igh t  in a d i f fe ren t  way,  pe rmi t -  
t i ng  t h e  i den t i f i ca t ion  of ind iv iduM s tages  5, 6. T h e  s tages  
X I V  and  I c o n t a i n i n g  the  meiot ic  a n d  ear ly  pos tme io t i c  
ceils were ident i f ied  and  a 1-2 m m  long s egm en t  was cu t  
a n d  p laced  on  a microscope glass slide t o g e t h e r  w i t h  a few 
drops  of 0 .9% NaC1 w i t h  AO (0.1 mg/ml) .  A cover-glass  
was  p laced  on  t he  spec imen a n d  t he  cells were a l lowed to  
sqeeze ou t  of  t h e  t u b u l u s  so t h a t  a m o n o t a y e r  was  formed.  
The  obse rva t ions  were done  w i t h  an  O l ym pus  V a n o x  
microscope,  p e r m i t t i n g  successive phase  c o n t r a s t  and  
f luorescence obse rva t i ons  of t he  same field. 
F r o m  prev ious  s tudies ,  i t  is k n o w n  t h a t  t he  d e a t h  of t he  
spe rma togen ic  ceils can  be  r ap id ly  de t ec t ed  because  of 
t he  increased  nega t ive  phase  change  7. The  resul t s  in  th i s  
s t u d y  show t h a t  b y  us ing  AO fluorescence i t  is possible  
to  d e t e c t  cell d a m a g e  m u c h  earl ier  t h a n  b y  phase  c o n t r a s t  
opt ics  or b y  c o n v e n t i o n a l  h is to logical  me thods .  F igure  1 
shows t he  p h a s e  c o n t r a s t  a p p e a r a n c e  of ear ly  pos t me io t i c  
ceils f rom t i le  tes t i s  t r e a t e d  for 24 h w i t h  0.25 tzg of v in-  
cr is t ine.  The  AO fluorescence of t he  same ceils is seen in 
f igure 2. The  nuclei  of l iv ing  cells are cha rac t e r i zed  b y  a 
g reen  f luorescence typ ica l  to  double  hel ical  D N A  (cells 
a and  b), whereas  w i t h  progress ive  cell d a m a g e  t he  red  
f luorescence of the  cell nuclei  increases  (cells c, d a n d  f). 

The  red  f luorescence appea r s  in  t h e  d a m a g e d  cells before  
a n y  morpho log ica l  changes  or increase  in t he  nega t i ve  
phase  c o n t r a s t  can  be  obse rved  (cell d). 
The  change  in t he  AO f luorescence d u r i n g  cell d e a t h  cou ld  
be  exp la ined  b y  the  occur rence  of a change  in t he  second-  
a ry  s t r u c t u r e  of t he  DNA.  D u r i n g  t he  cell degenera t ion ,  
t he  double  s t r a n d e d  D N A  could be  spl i t  in to  pieces of 
single s t r a n d e d  D N A  molecules  wh ich  would resu l t  in  a 
changed  AO b ind ing  w i t h  a red  fluorescence.  The  appea r -  
ance  of t h e  r ed  f luorescence in t he  ceils before m o r p h o -  
logical or p h a s e  c o n t r a s t  changes  can  be seen ind ica tes  
t h a t  t he  d a m a g e  of D N A  is a v e r y  ear ly  p h e n o m e n o n  in 
t he  m e c h a n i s m  of th i s  t y p e  of cell dea th .  
T h a t  t he  change  in t he  AO fluorescence is a genera l  phe -  
n o m e n o n  a n d  n o t  specific to  cell d e a t h  caused  b y  v in-  
c r i s t ine  was  shown  b y  s tud ies  in  which  cell d e a t h  was 
caused b y  c h r y p t o r c h i s m .  I n  the  dy ing  cells t he  same  red  
f luorescence could  be  observed .  I t  is also k n o w n  t h a t  a n  
increased  c o n c e n t r a t i o n  of AO causes  t he  appa rence  of a 
red  f luorescence 3. The  red  f luorescence in th i s  s t u d y  was, 
however ,  n o t  caused  b y  a c o n c e n t r a t i o n  effect  because  
cells wh ich  were localized closely t o g e t h e r  showed qu i te  a 
d i f fe rent  f luorescence (figure 2). 
This  t e c h n i q u e  for t he  ear ly  de t ec t i on  of celI d a m a g e  
m i g h t  h a v e  i m p o r t a n t  p r ac t i c a l  appl ica t ions ,  while  i t  also 
gives new i n f o r m a t i o n  a b o u t  t he  order  of even t s  in  t he  
process  of cell dea th .  
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Summary.  The  s t u d y  of nuc lea r  D N A  syn thes i s  of h u m a n  mesothe l ia l  cells showed t h a t  cells do n o t  d iv ide  b y  mitosis ,  
even  if an  i m p o r t a n t  pe rcen t age  of t h e m  h a v e  a t e t r a p l o i d  a m o u n t  of DNA.  Concern ing  the  cell cycle of meso the l i a l  
cells, t h e  a u t h o r s  conclude  t h a t  some of t h e m  are b locked  in pos t syn thes i s .  

Le p rob l6me  de la mul t ip l i ca t ion  des cellules m6soth6-  
liales dans  la cav i t6  p6r i ton6ale  n ' e s t  pas  encore  ent i6re-  
m e n t  6lucid61. Dif f6rents  au t eu r s  2,a o n t  observ6,  sur  
f rot t is ,  des cellules en mitose.  I1 a aussi  6t6 ddcr i t  ~ que 
d a n s  ce r t a ins  cas, te l  q u ' u n e  asci te  d 'o r ig ine  c i r rhot ique ,  
les cellules mdsoth61iales p r 6 s e n t e n t  une  plus  for te  ac t iv i t6  
mi to t ique .  
P o u r  ce t r ava i l ,  nous  avons  pr61ev6 du  l iquide asc i t ique  
h u m a i n  chez 6 p a t i e n t s  po r t eu r s  d ' u n e  c i r rhose  alcoolique.  
Sur  les f ro t t i s ,  t i r6s  du  culo t  apr6s  c e n t r i f u g a t i o n  du  li- 
qu ide  g 1000 t o u r s / m i n  p e n d a n t  10 m i n  e t  Iix6s avec  de 
l ' a lcool -ac6tone  (1:1),  nous  avons  effectu6 les r6ac t ions  

su ivan t e s :  B A O  (b is -amino ph6nyl-oxadizole)  p o u r  les 
mesures  q u a n t i t a t i v e s  d ' A D N S ;  sul faf lavine  ~ p H  2,8 
p o u r  les p ro t6 ines  to t a l e s  e e t  g p H  8,2 pou r  les pro t6 ines-  
h i s tones6 ;  i s o t h i o c y a n a t e  de f luoresc6ine pou r  les pro-  
t6ines  to t a l e s  ~. On a aussi  6tudi6 la syn th6se  d ' A D N  des 
cellules pr61ev6es du  m6me  culo t  de cen t r i f uga t i on  e t  
m a i n t e n u e s  en  suspens ion  dans  u n  mil ieu n u t r i t i f  (90% 
199-Difco, 10~ s6rum de veau)  c o n t e n a n t  0,5 tzCi/ml de 
Thymid ine -3H (Th-3H, ac t iv i t6  sp6cif ique:  5000 mCi/  
mmol)  p e n d a n t  30, 60, 120 m i n e t  12 h ~ 37~ Apr6s  Fin- 
cuba t ion ,  nous  avons  proc6d6 g l ' h i s t o a u t o r a d i o g r a p h i e  
des f ro t t i s  d ' ap r6s  la m 6 t h o d e  d6cri te  p a r  Bogoroch  s. 


