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Malate dehydrogenase  seems unaf fec ted  by  i r radia t ion 
as t he  isozyme p a t t e r n s  f rom i r rad ia ted  animals  were 
similar  to tile cont ro l  samples.  Similarly, express ion of 
e-esterase and  acid p h o s p h a t a s e  was una l te red  b y  ir- 
radiat ion.  
Discussion. This s tudy  indica tes  t h a t  5000 rads  inhibi ts  
the  express ion of some forms of L D H  and  G6PD in bone 
mar row and spleen cells. In  b o t h  types  of ceils, only  the  
B-subun i t  of L D H  is a f fec ted  by  radia t ion.  Rad ia t ion  
induced  inhib i t ion  of only  t h e  LDH-1  b a n d  in spleen 
cells and  of b o t h  LDH-1  and  LDH-2  in bone  mar row 
ceils suggests  t h a t  the  B-subun i t  of L D H  f rom bone  mar-  
row cells is more  sensi t ive to rad ia t ion  t h a n  t h a t  f rom 
spleen cells. 
The presence  of 2 isozymic forms  of G6PD in spleen bu t  
3 such forms in bone mar row  cells pe rhaps  indicate  t issue 
specif ici ty of th is  enzyme.  The express ion of 2 isozymic 
forms is inh ib i ted  by  rad ia t ion  in bone  mar row  cells 
while only  one of the  isozymic forms is affected in the  
spleen cells. This again indica tes  t h a t  G6PD from bone 
mar row  cells is more  sensi t ive to rad ia t ion  t h a n  t h a t  
f rom the  spleen cells. 

I n  our  previous  s tudies  the  LD50/30 of opossum was 
repor ted  to  be 511 rads  n ,  however ,  th is  dose of radia t ion  
does no t  affect  the  e lec t rophore t ic  p r o p e r t y  of enzymes.  
Our enzyme  s t u d y  in opossum tes tes  indicates  t h a t  elec- 
t rophore t i c  p a t t e r n  of L D H  is affected a t  16 and 40 h 
following 5000 fads  whole  body  i r rad ia t ion  12. After  90 h 
following the  radia t ion,  t he  e lect rophoret ic  p a t t e r n  was 
the  same as in the  control ,  indica t ing  recovery  or repair.  
In  spleen and  bone mar ro w  cells, th i s  affect  of rad ia t ion  
was  n o t  observed.  
I t  is concluded t h a t  a m o n g  the  6 enzymes  studied,  only 
L D H  and  G6PD are af fec ted  by  radia t ion.  Also L D t t  
and G6PD f rom bone mar ro w  ceils are more sensi t ive to  
rad ia t ion  t h a n  t h a t  f rom spleen cells. 

11 N. Prasad, S. C. Bushong, L. B. North and J. Thornby, Radiat. 
Res. (in press). 

12 N. Prasad, R. Prasad, S. C. Bushong and L. B. North, Strahlen- 
therapie (in press}. 
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KNO3) u s e d  per  unit  area  and s t o m a c h  cancer  m o r t a l i t y  ra tes  
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Summary. Since a s ignif icant  posi t ive  correlat ion be tween  n i t r a t e  fertil izer exposure  and  s t o mach  cancer  mor ta l i ty  
has been found,  a s t u d y  of n i t ra te  ferti l izer pol lut ion in arable  land in te rms  of a m o u n t  of n i t r a tes  used per  uni t  area 
(kg/ha) and  s t omach  cancer  dea th  ra tes  was carried out: The regression of dea th  ra tes  for s t o mach  cancer,  s t andard ized  
for age, on t h e  n i t ra tes  used per  un i t  area, by  province  (N = 25), exh ib i t ed  a s ignif icant  associat ion be tween  the  2 
var iables  (p < 0.004). W h e n  indust r ia l ized provinces  (N = 3) were no t  considered,  a h ighly  signif icant  associat ion 
was found (F = 16.47; d.f. = 1, 20; p < 0.0006). The correla t ion coefficient  was + 0.672. 

In  previous  communica t ions  ~-4, a posi t ive  re la t ionship  
has  been es tabl ished be tween  exposure  to n i t ra te  fertiliz- 
ers (NaNO 3 and KNO3) and  age-ad jus ted  d e a t h  ra tes  per  
100,000 popu la t ion  for s t omach  cancer,  by  province,  in 
Chile. Since n i t ra tes  and ni t r i tes  are precursors  of ni t ro-  
samines,  a hypo thes i s  of a n i t rosamine  b iosynthes is  in 
the  s t omach  of Chileans was  advanced  5. 

In  order  to  learn more  on this  env i ronmen ta l  hea l th  
problem,  the  n i t ra te  fert i l izer p o l l u t i o n  in the  various 
p r o v i n c e s  (N = 25) was s tudied.  Ni t ra tes  (NaNO3 and 
KNO3) per  un i t  area, expressed as ki lograms per  hectare ,  
were c o m p u t e d  for each province.  The presen t  communi -  
ca t ion provides  in format ion  on n i t ra te  fertil izer pol lut ion 
in arable  land and  s t omach  cancer  mor ta l i ty .  

Material and methods. D a t a  on the  area of arable land, 
by  province,  were t aken  f rom the  4th Nat iona l  Agricul- 
tura l  Census for the  year  1964-5. The amoun t s  of n i t r a t e  
fertilizers (NaNO 3 and KNO3) used for the  1960-4 per iod,  
by  province,  were kindly  p rov ided  by  The Chemical  and 
Mining Socie ty  of Chile, a t  Sant iago.  Da ta  on the  age- 
ad jus ted  d e a t h  ra tes  per  100,000 populat ion,  b o t h  sexes 
combined,  for s tomach  cancer  (mean ra tes  for the  years  
1960, 1962 and 1964), b y  province,  were t aken  f rom a 
previous  communica t ion  5. This gastr ic  cancer  mor t a l i t y  
s t u d y  was t imed  to  coincide wi th  a census year,  in order  
to provide  a sa t i s fac tory  popu la t ion  base for compu t ing  
rates.  The square  roots  of mean  annua l  values for n i t r a tes  
used per  uni t  area (kg/ha) in a 5-year-period (1960-4) for 
each one of the  25 provinces  were obta ined,  Then,  the  

dea th  ra tes  for Stomach cancer  were regressed on the  
square  roots  of n i t r a tes  used per  uni t  area (kg/ha). 

Results and discussion. The regression of s tomach  
cancer  mor t a l i t y  ra tes  on the  n i t ra tes  used per  uni t  area 
exhib i ted  a s ignif icant  associat ion be tween  the  2 var iables  
(F = 10.05; d.f. = 1, 23; p < '  0.004). The equa t ion  of the  
regression line is: Y = 35.554 + 1.781 X, where  Y 
age-adjus ted  mor t a l i t y  ra tes  for gastr ic  cancer and  X 
n i t ra tes  used per  uni t  area. 

In  order  to  e l iminate  the  in ter ference  of occupat ional  
or indus t r ia l  factors  in the  aet iology of g a s t r i c  cancer,  
such as iron dus tL  coal dust~, s, and  suspended par t icu-  
late air pol lut ion 9, indust r ia l ized provinces  (Concepcidn, 
Santiago,  Valparaiso) were  no t  included in t he  analysis.  
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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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Early detection of cell damage by supravital acridine orange staining 

K.-O.  S6ders t r6m,  Leena -Ma i j a  P a r v i n e n  and  M. P a r v i n e n  1 

Ins t i tu te  o{ Biomedicine,  Department  o / A n a t o m y ,  Universi ty  o/ Turku ,  S F - 2 0 5 2 0  T u r k u  52 (Finland),  9 A u g u s t  1976 

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. 


