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INTRODUCTION 

- N-nitrosamines are a class of carcinogens which show remarkable organ spe- 
c i f i c  carcinogenic act ivi ty .  These compounds are chemically s table  under phy- 
siological conditions and it is  now generally accepted that the tumourigenesis 
by these substances resul ts  from metabolic activation t o  reactive electrophi- 
l i c  metabolites which bind t o  DNA and other cel lular  components. The mechanism 
underlying the neoplastic transformation o f  certain ce l l  types is  n o t  yet 
known i n  de t a i l ,  b u t  h i g h  capacity for N-nitrosamine metabolism may be one 
factor of great importance. It is of in te res t  therefore t o  trace the t issues  
which have a capacity to  metabolize l-nitrosamines and t o  evaluate whether the 
suscept ibi l i ty  of the t issues  for  the tumourigenesis can be correlated w i t h  l- 
nitrosamine metabolism. 

I n  a s e r i e s  of studies a t  our  department, the tissue-disposition of various 
- N-nitrosamines has been examined i n  experimental animals. 
studies has been the tracing of l-nitrosamine-metabolizing t issues.  

A major aim i n  t h e  

EXPERIMENTAL DESIQ\I 
I n  the experiments whole-body autoradiography was used t o  s t u d y  the dispo- 

s i t ion  of the "C- or 3H-labelled l-nitrosamines. Some of the studied l - n i -  
trosamines are volat i le ,  and low-temperature autoradiography and autoradiog- 
raphy w i t h  heated tape sections were then used t o  d i s t i n g u i s h  the t issue loca- 
l izat ion of the non-metabolized l-nitrosamines from the distribution of the 
non-volatile metabolites (4,lY). Autoradiography w i t h  sections extracted w i t h  
tr ichloroacetic acid and organic solvents was used to  localize metabolites 
firmly bound t o  the t issues.  In  addition t o  the toxic alkylating species, the 
metabolism of some N-nitrosamines may also yield aldehydes and alcohols, which 
can be used i n  normal metabolic pathways of the t issues .  I t  is necessary t o  
d i s t i n g u i s h  the part of the radioactivity which i s  derived from the biosynthe- 
t i c  ac t iv i t i e s  i n  the body and t h i s  was done by comparative autoradiography 
w i t h  substances such as  "C-acetate, "C-acetaldehyde and "C-formaldehyde 
(19,20). For some E-nitrosamines it was possible t o  perform autoradiography & 
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v i t r o  with t issue-pieces incubated w i t h  the l a b e l l e d  l -n i t rosamines  (5,7). 

Microautoradiography, w i t h  ma te r ia l  f i xed  i n  formaldehyde or  glutaraldehyde 

and embedded i n  p a r a f f i n  or res in ,  was used t o  examine i n  d e t a i l  the l o c a l i z a -  

t i o n  o f  metabol i tes i n  some t i ssues  (24,27,38). 

Based on the autoradiographic data, experiments were then performed i n  v i t -  

- ro  i n  which the capaci ty o f  var ious t i ssues  t o  form metabol i tes from the  N-ni- 
trosamines was studied. 

TISSUE-SPECIFICITY OF 3-NITROSAMINE METABOLISM 

- N-nitrosamines s tud ied  inc lude E-ni t rosodiethylamine (4,24), E-nitrosodime- 

g -n i -  thylamine (19), - N-n i t rosopy r ro l i d ine  ( 5 ) ,  N-ni t rosodibutylamine (6,25), 

trosodiethanolamine (26), 4-(~-nitrosomethylamino)-l-(3-pyridyl)-l-butanone 
(NNK) (8,36) and " -n i t rosonorn ico t ine  (NNN) (7) (Table 1). Rats, mice and 

hamsters were used as experimental animals. 

The autoradiographic s tud ies  showed tha t  the E-nitrosamines are r a p i d l y  

d i s t r i b u t e d  throughout the body f l u i d s .  The autoradiography f u r t h e r  showed an 

accumulation o f  N-nitrosamine-metabolites i n  several  t i ssues  i n  v ivo  (Table 

1). 
i n  v i t r o ,  i t  was found t h a t  the a b i l i t y  o f  a t i ssue  t o  metabolize a E -n i t ros -  

amine almost i n v a r i a b l y  co r re la ted  t o  a capaci ty o f  the same t i s s u e  t o  accumu- 

l a t e  N-nitrosamine-metabolites i n  vivo. These data provide s t rong evidence 

t h a t  the l o c a l i z a t i o n  o f  metabol i tes i n  a t i ssue  i n  v i vo  i s  due t o  a l o c a l  me- 

tab0 l i s m  . 

When var ious t i ssues  were tes ted  f o r  1-nitrosamine-metabolizing capaci ty 

Examination o f  the data i n  Table 1 shows tha t  there  i s  a spectrum o f  t i s -  

sues which accumulates g-nitrosamine-metabolites and which has a capaci ty t o  

perform the N-nitrosamine-metabolism. Tissues a c t i v e  i n  t h i s  respect inc lude 

the l i v e r ,  the nasa l  mucosa, the t rachea l  mucosa, the bronch ia l  mucosa, the 

mucosa o f  the tongue and the oesophagus and the kidney. However, va r ia t i ons  i n  

the t i s s u e - s p e c i f i c i t y  can be observed f o r  d i f f e r e n t  1-ni t rosamines and d i f f e -  

rences may a lso  e x i s t  between species (Table 1, F igure  1 ) .  

an i n i t i a l  a-carbon hydroxy la t ion  i s  considered t o  

be the dec is ive  and r a t e - l i m i t i n g  step i n  the a c t i v a t i o n  process. The metabo- 

l i s m  o f  the 1-ni t rosamines i s  l i k e l y  t o  i nvo l ve  the cytochrome P-450-system 

(2,22), and the l o c a l i z a t i o n  o f  g-nitrosamine-metabolites i n  the var ious ex t -  

rahepat ic  t i ssues  should co r re la te  w i th  the presence o f  cytochrome P-450. In- 

deed, cytochrome P-450-act iv i ty has been shown i n  most o f  the t i ssues  engaged 

i n  the metabolism o f  the  3-nitrosamines, such as the nasa l  e p i t h e l i a  and 

glands (9,37,39), the oesophagus (21), the e p i t h e l i a  o f  the mouth (31), t he  

trachea (241, c e l l s  i n  the bronch i  and bronchioles (3)  and the kidney (10). 
However, cytochrome P-450 i s  no t  a s i n g l e  e n t i t y  but cons is ts  o f  var ious forms 

which may have d i f f e r e n t  substrate s p e c i f i c i t i e s  (29). The d i f f e rences  seen i n  

For most N-nitrosamines 
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our s tud ies  between the metabolism o f  the l -n i t rosamines  i n  the var ious t i s -  

sues may r e f l e c t  v a r i a t i o n s  i n  the d i s t r i b u t i o n  of the cytochrome P-450 isozy- 

mes a c t i v e  i n  the metabolism o f  these substances. 

Our data have shown t h a t  the metabolism of E-nitrosamines is very a c t i v e  i n  
the e p i t h e l i a l  l i n i n g s  o f  t i ssues  which are exposed o r a l l y  or by i n h a l a t i o n  t o  

drugs or other xenobiot ics.  I t  has been shown tha t  these s t ruc tu res  are a l so  

a c t i v e  i n  the metabolism o f  other compounds, such as carbon t e t r a c h l o r i d e  (37) 

and chloroform (281, which l i k e  the 1-nitrosamines are metabolized by cyto- 

chrome P-450-dependent pathways. The r o l e  o f  t h i s  enzyme system may be t o  de- 
fend the body f rom unrestrained uptake o f  xenobiot ics.  However, i n  c e r t a i n  

cases, 

s u l t  i n  a b ioac t i va t i on .  

and t h i s  appl ies t o  the E-nitrosamines, the metabolism may ins tead  re -  

Nose Tonoue Trachea Oesophagus Bronchi L i v e r  

L i v e r  

F i  u re  1. Whole-body autoradiography of "C-label led N-ni t rosodiethylamine (A)  
*labelled l -n i t rosodimethylamine (8) i n  Sprague-Dawley r a t s  k i l l e d  1 
min. a f t e r  i . v .  i n jec t i ons .  The sect ions were d r i e d  and ex t rac ted  w i t h  tri- 
ch lo roace t i c  a c i d  and organic so lvents  before the autoradiographic exposure, 
and the autoradiograms show the  d i s t r i b u t i o n  o f  f i r m l y  bound metabol i tes.  For 
- N-ni t rosodiethylni t rosamine h igh  l e v e l s  o f  metabol i tes are bound t o  the 
nasa l  mucosa, the mucosa o f  the tongue and the oesophagus and the t rachea l  and 
b ronch ia l  mucosa, whereas f o r  N-nitrosodimethylamine (B) the l o c a l i z a t i o n  o f  
metabo l i tes  i s  r e s t r i c t e d  t o  the l i v e r .  

( A )  

18-868573 277 



Figure  2. Microautoradiogram o f  the nasa l  o l f a c t o r y  mucosa o f  a Fischer (F344) 
r a t  k i l l e d  4 hours a subcutaneous i n j e c t i o n  o f  3H-label led "-ni t roso- 
norn ico t ine .  The sec t ion  i s  from m a t e r i a l  f i x e d  i n  glutaraldehyde and embedded 
i n  r e s i n  and the l a b e l l i n g  represents metabol i tes f i r m l y  bound t o  the t i s -  
sues. There i s  a s t rong l a b e l l i n g  o f  the s u b e p i t h e l i a l  glands (Bowman's 
glands), whereas other s t ruc tu res ,  such as the o l f a c t o r y  surface epi thel ium, 
blood-vessels and f a s c i p i  o f  o l f ac to ry  nerves are v i r t u a l l y  devoid o f  rad io -  
a c t i v i t y .  Bg = Bowman s glands; bv = blood vessels; on = f a s c i c u l i  o f  o l f ac -  
t o r y  nerves; 01 = o l f a c t o r y  surface epi thel ium. (x 600) 

a f t e r  

The nasa l  c a v i t y  has a t t r a c t e d  spec ia l  a t t e n t i o n  i n  our studies.  This i s  a 

t i ssue  which i s  one o f  the most prevalent s i t e s  f o r  the t j-nitrosamine carcino- 

g e n i c i t y .  usua l l y  o r i g i n a t e  f r o m  the o l f a c t o r y  p a r t  o f  the nasa l  

cav i ty .  We have examined i n  d e t a i l  by microautoradiography the l o c a l i z a t i o n  o f  

bound metabol i tes i n  t h i s  t i ssue  f o r  some N-nitrosamines A con- 

s i s t e n t  f i n d i n g  i n  these studies has been a s t rong l a b e l l i n g  of the subepithe- 

l i a l  glands (Bowman's glands) beneath the o l f a c t o r y  ep i the l ium (Figure 2). 

Loca l i za t i on  o f  cytochrome P-450 and NADPH-cytochrome P-450 reductase i n  Bow- 

man's glands has been shown h is tochemica l l y  (391, and the c e l l s  of these 

glands have been repor ted  t o  be invo lved i n  1-ni t rosamine carcinogenesis o r i -  

g i n a t i n g  from t h i s  area o f  the nasa l  cav i t y .  

I t  appears from the informat ion i n  Table 1 t h a t  there  i s  a good c o r r e l a t i o n  

between the a b i l i t y  o f  the t i ssues  t o  accumulate N-nitrosamine metabol i tes/  

metabolize i -n i t rosamines  and the a b i l i t y  o f  the N-nitrosamines t o  induce tu- 

mours i n  the same t issues. These data i n d i c a t e  t h a t  the s u s c e p t i b i l i t y  o f  the 

t i ssues  f o r  the tumourigenesis t o  a considerable ex ten t  i s  co r re la ted  w i t h  1- 
nitrosamine-metabolism. However, i n  a few cases metabolism o f  E-nitrosamines 

was observed i n  t i ssues  which were repor ted  no t  t o  be the ta rge ts  f o r  the  car-  

c inogen ic i ty .  bu t  f a c t o r s  which may be o f  

importance are  e f f e c t i v e  r e p a i r  o f  DNA les ions  or format ion i n  the t i ssues  o f  

metabol i tes with low miscoding frequency. 1-ni t rosodibutylamine, which may in-  

duce cancers i n  the r e s p i r a t o r y  t i ssues  and the l i v e r  (Table 11, i s  unique 

The tumours 

(24,27,38). 

The reason f o r  t h i s  i s  no t  known, 

278 



among N-nitrosamines i n  a lso being a strong inducer of tunours i n  the urinary 
bladder. I t  i s  generally assumed that the metabolites underlying these neo- 
plasms are  formed a t  other s i t e s ,  probably mainly t h e  l iver  (33). Thus, t h i s  
target  i s  an exception from the general rule that tunours are induced by loc- 
a l ly  formed metabolites. 

CONCLUSIONS 
Our data provide evidence that  the localization of z-nitrosamine metaboli- 

t e s  i n  t h e  various t issues  i n  vivo almost invariably is due to  a local meta- 
bolism i n  the same t issues  and that the tumourigenesis by the &nitrosamines 
t o  a considerable extent is correlateed wi th  t h i s  metabolism. The epi thel ia l  
l inings of the  respiratory pathways and the upper digestive t r ac t  are usually 
very active i n  the t+nitrosamine-metabolism and these t issues  are  also preva- 
len t  s i t e s  for the E-nitrosamine-carcinogenesis. The cytochrome P-450-system 
which appears t o  be active i n  these s i t e s  may have the role of defending the 
body from noxious effects  of xenobiotics, b u t  i n  some instances, as  w i t h  t he  
- N-nitrosamines, injur ies  may instead be induced. 
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