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Summary. A dis t inc t  d i s t r ibu t ion  of ac t iva ted  SMC 
could be d e m o n s t r a t e d  in a therosclerot ic  p laques  and the  
ne ighbour ing  media  of h u m a n  beings. An increased 
prol i fera t ion was found  in the  younger  age group and 
general ly  in the  marginal  regions of the  plaques.  The 
occurrence of ac t iva ted  SMC is t h o u g h t  to be a sequel of 
metabol ic  hypoxic  damages .  A high f requency  of ac t iva ted  
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SMC is a bad  prognos t ic  sign in surgical specimens  in- 
d ica t ing  a t e n d e n c y  for prol i fera t ion and occlusion. 
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Further Evidence  of a Pos i t ive  Correlat ion Between  E x p o s u r e  to Nitrate  Fert i l izers  
(NaNOa and KNO8) and Gastric  Cancer Death Rates: Nitr i tes  and N i t r o s a m i n e s  

Chile and  J a p a n  have  the  h ighes t  age-ad jus ted  mor-  
t a l i ty  ra tes  per  100,000 popula t ion  for s tomach  cancer  in 
the  wor ldk  A survey  of 15,300 necropsies pe r fo rmed  at  
Sant iago ~ has  conf i rmed the  h igh  dea th  rates.  The relat ive 
f requency  of s t omach  carc inoma amongs t  males w i th  
cancer  r anked  first  wi th  20.60% and  amongs t  females  
ranked  second wi th  10.05% (ZALDfVAR, unpubl i shed  
observat ions) .  The morb id  a n a t o m y  of gastr ic  cancer  in 
Chileans has been  previously  describeda-% The regional 
var ia t ion  of oesophageal  and  gastr ic  cancer  in Chile was 
reported7,  s. The p r e d o m i n a n t l y  agr icul tura l  provinces,  
which have  the  h ighes t  consumpt ion  of n i t ra te  fertilizers, 
showed the  h ighes t  d e a t h  ra tes  for s t omach  cancer.  To 
explain  th is  fact, a hypo thes i s  of a n i t rosamine  synthes is  
in vivo in t he  s t omach  was  advanced  s. Recent ly ,  an 
associat ion be tween  exposure  to sodium n i t ra te  and 
gastr ic  cancer  mor t a l i t y  for 1960 was repor ted  9, 1% 

To s t u d y  fu r ther  th is  env i ronmen ta l  problem,  more  
s table  d e a t h  ra tes  for s tomach  cancer  in the  25 Chilean 
provinces  were used (mean age-adjus ted  dea th  ra tes  per  
100,000 pop. for 1960, 1962 and  1964), re la t ing th is  var iable  
wi th  sodium n i t ra te  exposure  as well as wi th  exposure  to 
n i t ra tes  (NaNO 3 and KNO3). 

Material and methods. The  figures on the  general  popu-  
la t ion and farm workers  by  province  were t aken  f rom the  
13th Nat iona l  Popu la t ion  Census. Numer ica l  da ta  on 
metr ic  tons  of n i t ra tes  used by  province  for 1960-61 were 
provided by  the  Chemical  & Mining Society of Chile. 
Gastr ic  cancer  dea th  ra tes  per  100,000 pop.,  s t andard ized  
for age for 1960, 1962 and  1964 by  province,  were t aken  
f rom a previous  communica t ion  s. The exposure  to  n i t ra te  
ferti l izer in each province  was expressed as met r ic  tOllS of 
NaNO 3 or n i t r a tes  per  person  (general populat ion)  or per  
f a rm worker  (agricultural  pop.).  The index  of general  
popula t ion  exposure  was ob ta ined  by  dividing the  metr ic  
tons  of fert i l izer for each province  by  the  numb er  of 
persons  in the  province.  The index  of fa rm worker  ex- 
posure was ob ta ined  in a similar way;  the  met r ic  tons  of 
fert i l izer used in each province  were divided by  the  num-  
ber  of f a rm workers  in the  province.  

Results and discussion. The regression of d e a t h  ra tes  on 
the  general  popula t ion  exposure  to  sod ium n i t ra te  showed 
a h ighly  s ignif icant  associat ion (p < 0.00005). The equa- 
t ion of the  regression line is y = 37.01 + 910.2 x, where y 
is mean  age-ad jus ted  d e a t h  ra te  for s tomach  cancer  and  x 
is met r ic  tons  of sodium n i t r a t e  per  person. The correla- 
t ion  coefficient  was 0.745. The regression of dea th  ra te  on 
the  fa rm worker  exposure  to  sodium n i t ra te  exhib i ted  a 
s ignif icant  associat ion (p < 0.0001). The regression equa-  
t ion  is y = 35.87 + 154.0 x, where  y is mean dea th  ra te  
and x is met r ic  tons  of sod ium n i t ra te  per fa rm worker.  

The r -value was 0.714. "When the  dea th  ra te  was regressed 
on the  general  popula t ion  exposure  to ni t ra tes ,  a signifi- 
can t  associat ion was found (p < 0.0001). The equa t ion  is 
y --  36.77 + 454.0 x, where  y is mean  dea th  ra te  and x is 
met r ic  tons  of n i t ra tes  per  person. The correla t ion coeffi- 
cient  was 0.718. The regression of mor t a l i t y  ra tes  on the  
fa rm worker  exposure  to n i t ra tes  showed again a signifi- 
can t  associat ion (p < 0.0003). The equat ion  is y = 35.53 
+ 74.88 x, where y is mean  dea th  ra te  and x is met r ic  
tons  of n i t r a tes  per  fa rm worker.  The r-value was 0 .668 .  
The behav iour  of t he  4 i ndependen t  variables  in t he  
regressions was qui te  similar,  since the  r-values were close 
to  each other.  

As previous ly  pos tu la ted  TM, the  mos t  p robable  ex- 
p l ana t ion  for th is  re la t ionship  is the  n i t rosamine  forma-  
t ion in vivo. According to th is  hypothes is ,  n i t ra tes  undergo  
reduc t ion  in p lan ts  and  are t r ans fo rmed  into n i t r i tes  b y  
n i t ro reduc tases  p resen t  in m a n y  parasi t ic  and sap rophy t i c  
bacter ia .  Chilean fa rm workers  would be exposed to di- 
e t a ry  n i t r a t e s  and ni tr i tes ,  pr imar i ly  f rom wate r  Supplies. 
The general  popula t ion  of Chile is exposed to n i t ra tes  and  
ni t r i tes  f rom food addi t ives  (meat  products)  and  vegeta-  
bles. SANDER 11 es t ima ted  a mean  dai ly  in take of n i t r i te  
in m a n  of 22 tzmoles, equiva len t  to 1.5 mg of NaNO~. 
Secondary  amines  ( R ' - N H - R " ) ,  such as piper idine formed 
by  hea t ing  f rom cadaver ine  p resen t  in par t ia l ly  decayed  
mea t  and  fish, and pyrrol id ine  formed by  hea t ing  f rom 
put resc ine  p resen t  in such foodstuffs,  m a y  be formed 
dur ing  pyrolys is  of p ro te in  and therefore  dur ing cooking 
of p ro te in  food, Thus,  inges ted  n i t r i te  and cer ta in  se- 
conda ry  amines  (piperidine, pyrrolidine) m a y  lead to t he  
in vivo fo rma t ion  of carcinogenic ni t rosamines .  Many  
amines,  including pyrrol idine,  have  been de tec ted  in 
winet2, ta, a d ie ta ry  i tem consumed  in cons iderable  
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am oun t s  and wi th  h igh  f requency  by  the  Chilean popula-  
t ion.  In  addit ion,  several  secondary  amines  such as 
p iper id ine  and  pyrrol id ine  have  been found in c igare t te  
smoke ~4, ~5. Since secondary  amines  react  w i th  n i t r i te  to  
form n i t rosamines  in vi t ro  in h u m a n  gastr ic  juice n and  
in vivo inducing mul t ip le  oesophageal  t umour s  in ra ts  ~, 
n i t r i te  should only be used (as food addit ive) in the  lowest  
amounts ,  i.e., the  m i n i m u m  capable  of control l ing bo tu-  
lism. In  1973 Norway  banned  ni t r i te  as a f lavouring and 
colouring agent,  pe rmi t t i ng  i t  only  for p reven t ing  food 
poisoning caused by  Clostridium botulinum. 

The  correlat ion p resen ted  in th is  communica t ion  is 
appa ren t l y  no t  an  a r t e fac t  nor  a causal  associat ion bu t  an 
indirect  association,  i.e., a factor  (ni t rate  fertilizer) and a 
disease (gastric cancer) are associa ted only  because b o t h  
are related to some c o m m o n  under ly ing  condi t ion  or 
process (ni t rosamine format ion) .  However ,  a t  p r e sen t  we 
canno t  ent i re ly  rule out  a carcinogenic or co-carcinogenic 
effect  of d ie ta ry  n i t r a t e  per  se on the  h u m a n  s tomach.  

Since ZALDfVAR holds  the  hypo thes i s  t h a t  oesophageal  
and  gastr ic  ca rc inomata  in m a n  have  a mul t ip le  factor  
aetiology, and s t a r t ed  in 1966 a new mult idiscipl inary,  
mul t i fac tor ia l  approach  measur ing  physicalg, *7,xs, bio- 
logical ~ and social ecological variables,  n i t rosamine  for- 
marion in vivo would represen t  one i m p o r t a n t  causa t ive  
factor  am ongs t  the  clusters  of var iables  (carcinogens, co- 
carcinogens,  risk factors) ac t ing  on the  s t omach  of 
man.  

In  Antofagas ta  Province,  no r the rn  Chile, a chronic ex- 
posure to high concen t ra t ions  of arsenic in dr inking 
wa te r  ~9 mus t  be considered as an env i ronmenta l  r isk for 
ma l ignan t  t umours  of the  skin, liver, and p robab ly  of the  
lung. Two cases wi th  mult iple  squamous-cel l  ca rc inomata  
of the  skin induced b y  d ie ta ry  arsenic were repor ted~9 

For  low-income Chileans, the  possible co-carcinogenic 
effect  of foods p repa red  wi th  p rehea ted  fats~~ 2~ mus t  be 
considered as well. 

Summary. Mean age-ad jus ted  d e a t h  ra tes  for gastr ic  
cancer  ill Chile for 1960, 1962 and  1964 were associated 
wi th  exposure  to  sodium n i t r a t e  and  n i t ra tes  (NaNOs and 
KNOa) used as fertilizers, by  province.  The general  popu-  
lat ion exposure  to  NaNO a and n i t ra tes  exh ib i t ed  correla- 
t ion coefficients of 0.745 and  0.718 wi th  the  d e a t h  rates,  
respect ively.  
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Fibrin Stabilizing Factor (F XIII) and Collagen Polymerization 

Tile fibrin s tabi l iz ing factor  or c lot t ing factor  X I I I  
per forms  a twofold func t ion  : 1 - I t  induces the  s tabi l iza t ion 
of f ibrin clots by  t r an samida t i on  bonds.  2 - I t  p romotes  
the  healing of wounds.  In  this  respect ,  the  only mechan i sm 
of factor  X l l l  known  up to now was its improving  effect  
on f ibroblas t  culture.  We have  shown t h a t  ac t iva ted  factor  
X I I I  (factor XIII~) also causes the  format ion  of s table  
bonds  be tween va r ious  chains  of the  collagen molecule, 
thus  genera t ing a collagen polymer iza t ion  process dif- 
fe rent  f rom the  one which occurs in the  absence of factor  
X I I I .  This modif ica t ion  in the  collagen polymer iza t ion  
migh t  possibly account  for the  defect ive heal ing of wounds  

observed in pa t i en t s  with he red i t a ry  fac tor  X I I I  defi- 
ciency. 

Materials and melhods. Fac t o r  X I I I :  Behr ingwerke  
factor  X I I I  * prepared  f rom placenta ,  used for the rapeu t i c  
purposes.  The factor  X I I I  ac t iv i ty  of I m g  of the  subs tance  
is ident ical  wi th  t h a t  of 3 ml of normal  p l a sma  ~ T h ro mbin  
Behr ingwerke :  50 uni t s /ml  solut ion in 0.2 M CaC12, 0.15 

* Pr6paration 1331: factor XIII Concentrate Behring (tab. Hoechst- 
Paris). 
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Table I. Collagen polymerization and factor XlfI. 

Tests Controls 

Factor XIII Activation Factor XIII 4 mg 4 mg 4 mg -- 
Michaelisbuffer (pH 7.4) 4 ml 4 ml 4 ml 4 ml 
Thrombin calcic 0.4 ml 0.4 ml 0.4 ml 0.4 ml 
Saline solution -- -- -- 

Incubation during 
30 rain at 37 r Addition of 

Incubation during 15 mill at room temperature 

Collagen polymerisation Collagen solution (ml} 

4 ml 4 ml 4 ml 

0.4 ml 0.4 ml 0.4 ml 

GME MIA - -  GME MIA 

(100 mg) (50 mg) (100 mg) (50 mg) 

1.1 1.1 1.1 1.1 1.1 1.1 1,1 
Incubation during 30 rain at 37 ~ and 1 h at room temperature Centrifuga- 
tion 


