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T h e  Effect  of  N ' - N i t r o - N - N i t r o s o - N - M e t h y l g u a n i d i n e  on  the  Liver  After  A d m i n i s t r a t i o n  to  the  R a t  

Nit rosoguan id ine  (NG) is v e r y  widely  used  as a m u t a g e n  
for bac te r ia  1 and  for o t h e r  mic roorgan i sms  ~, a n d  has  been  
shown to  p roduce  s t omach  t u m o u r s  a f te r  a d m i n i s t r a t i o n  
to t he  r a t  3, to  p roduce  f ib rosa rcomas  on s.c. inject ion*,  
and  to  cause t u m o u r s  of t he  g landu la r  s t o m a c h  w h e n  
admin i s t e r ed  in t he  d r ink ing  wa te r  s. SUGINURA and  
FUJIMURA 5 m en t ion  tha t ,  a p a r t  f rom lesions in the  in- 
tes t ine ,  o the r  o rgans  were  a lmos t  unaf fec ted ,  excep t  for 
1 case of l iver adenoma .  The  p r e sen t  c o m m u n i c a t i o n  
descr ibes  a ve ry  spec tacu la r  change  in  liver, in which  
a lmos t  t he  en t i re  organ  was  conve r t ed  in to  cysts .  Similar  
changes  have  been  obse rved  by  Dr. R.  SCHOENTAL 
(unpubl i shed  communica t ion ) .  

The  c o m p o u n d  was admin i s t e r ed  as a suspens ion  (20 mg  
in 2 ml water)  by  s t o m a c h  tube.  Six 200 g female  ra t s  of 
a P o r t o n  der ived  s t ra in  were used, t he  an imals  receiving 
e i ther  i dose, 2 doses w i t h  a 2-h in terval ,  2 doses  w i t h  a 
1-h in terval ,  3 doses  a t  2-h in tervals ,  3 doses  a t  1-h 
intervals ,  or 4 doses  a t  1-h in tervals .  The  an imals  were  
m a i n t a i n e d  on  MRC die t  41B, a n d  e i ther  died or  were  
killed a p p r o x i m a t e l y  2 years  later.  In  each  case, t h e  m a j o r  
p a r t  of t he  l iver  was  found  to  be conve r t ed  in to  large 
cys t s  filled wi th  a yel lowish gela t inous  mate r ia l  (Figure 1). 
The  lobe on the  left, which in t he  p h o t o g r a p h  appear s  
dark,  is in fact  a mass  of cysts .  On microscopic  examina -  
t ion,  t he  cys t s  were  found  to  be s imple  bi l iary  cys ta -  
d e n o m a s  (Figure 2). I n  t h e  r emain ing  liver, the re  was  no 
ev idence  of cirrhosis  or  of  r egene ra t ive  nodules .  The  
hepa t i c  p a r e n c h y m a l  cells showed  cons iderable  va r ia t ion  
in nuc lear  size, some nuclei  be ing  h y p e r c h r o m a t i c  a n d  
enlarged.  This  appea rance  is s imilar  to  t h a t  desc r ibed  
following admin i s t r a t i on  of hepa t i c  carcinogense,L E a c h  
animal  had  squamous  cell ca rc inomas  of t he  s tomach .  
1 an imal  had  f ib rosarcoma of t he  leg which  had  m e t a s t a -  
sized to  the  lung, and  ano the r  h a d  an adenoca rc inoma  in 
the  por ta  hepat is ,  de r ived  e i ther  f rom bile d u c t  or pan-  
creat ic  duct .  

A p rob l em there fore  arises in t h a t  the re  ex is t  a n u m b e r  
of biologicMly ve ry  p o t e n t  c o m p o u n d s  which  are  all k n o w n  
to  be capab le  of reac t ing  as a lky la t ing  agen t s  wi th  var ious  
cell cons t i tuen t s ,  so t h a t  i t  m i g h t  be plausible  to  sugges t  
t h a t  an a lkyla t ion  reac t ion  of some sor t  is responsib le  for 
the  biological  effects  observed,  and  ye t  t he  c o m p o u n d s  

have  r a t h e r  d i f fe ren t  ac t ions  in t h e  i n t ac t  animal .  F o r  
example ,  NG is k n o w n  to  m e t h y l a t e  D N A  s-l°,  and  i t  
causes t he  fo rmat ion  of l iver cysts ,  while no k idney  
t u m o u r s  were  de tec ted .  N i t r o s o m e t h y l u r e a  also m e t h y l -  
ares  nucleic acids and  p roduces  t u m o u r s  in m a n y  t issues,  
b u t  none  have  been  de t ec t ed  so far  in l iver  1~. D i m e t h y l -  
n i t ro samine  m e t h y l a t e s  nucleic acids in l iver  and  k idney  
in t he  i n t ac t  an imal  n ,  and  a single in jec t ion  gives rise to  
k idney  tumours ,  b u t  i t  has  no a p p a r e n t  long- te rm effect  
on l iver  a f t e r  in jec t ion  in to  t h e  adu l t  animal .  I t  is possible  
t h a t  t he  di f ferences  in t he  biological effects  of these  corn- 
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Fig. 1. Liver of rat given 2 doses of NG, each of 20 mg, with an 
interval of 1 h, and killed after 2 years 1 month. With the exception 
of the small eaudate lobe, the tissue has been converted almost 
entirely into a spongy mass of cysts. 

Fig. 2. Biliary cystadenoma found in female rat given 2 doses of NG, 
each of 20 nag, with an interval of 1 b, and killed after 2 years 
1 month. Haematoxyline-eosin staining, x 50. 
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p o u n d s  are due  to  such fac tors  as the  half- l ives of the  
c o m p o u n d s  and  the i r  d i s t r ibu t ion  in t he  animal ,  or the re  
m a y  be f u n d a m e n t a l  d i f ferences  in the  na tu re  of the  
reac t ions  w i th  nucleic acids, prote ins ,  or o the r  cell con- 
s t i tuen ts ,  or, oi course, a lkyla t ion  m a y  no t  be the  r e l evan t  
reac t ion  for biological ac t iv i ty .  As c o m p o u n d s  of th is  t y p e  
are used in cancer  c h e m o t h e r a p y ,  as well as in the  s t u d y  
of carcinogenesis  and  mutagenes is ,  indiv idual  dif ferences  
in the  biological ac t iv i t ies  of d i f fe rent  a lky la t ing  agents  
mer i t  f u r the r  inves t iga t ion  12,13. 

Rdsumd. La  n i t rosoguanid ine  adminis t r6e  ~ des ra t s  pa r  
sonde  s tomaca le  p r o v oque  la fo rma t ion  de tr~s n o m b r e u x  

kys tes  biliaires dans  le foie el, dans  chaque  cas, de 
t u m e u r s  d ' e s t o m a c  squameuses .  
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Blood 5-Hydroxytryptamine in Rats with Pulmonary Hypertension Produced by Ingestion of 
Crotalaria spectabilis Seeds 

The pro longed  oral a d m i n i s t r a t i o n  of Crotalaria spec- 
tabilis seeds to  ra t s  induces  p u l m o n a r y  h y p e r t e n s i o n  t. This  
is associa ted  wi th  cardiac  en l a rgemen t  due  to  r igh t  ven-  
t r icu la r  h y p e r t r o p h y  2,3, t h i cken ing  of t he  p u l m o n a r y  
t r u n k  4 and  media l  h y p e r t r o p h y  and  ar ter i t i s  in t he  
muscu la r  p u l m o n a r y  ar ter ies  3,s. The  ac t ive  pr inciple  of 
C. spectabilis seeds is t he  pyrro l iz id ine  alkaloid mono-  
crota l ine  e and  a d m i n i s t r a t i on  of t he  pure  alkaloid induces  
pa thologica l  changes  which  are ident ica l  to  those  caused 
by  the  seeds 7. 

The m e c h a n i s m  by  which  monocro ta l ine  induces  pul-  
m o n a r y  h y p e r t e n s i o n  is unknown .  However ,  in th is  con- 
nec t ion  TAKEOKA, ANGEVINE and  LALICHS repor t ed  t h a t  
pro l i fe ra t ion  of m a s t  cells occurred  in t he  lungs of ra t s  fed 
on C. spectabilis seeds. R a t  m a s t  cells are r ich in 5 -hydroxy-  
t r y p t a m i n e  (Sl iT)* which  is known to  be a p u l m o n a r y  
vasocons t r i c to r  in m a n y  an imal  species 1° and  its release 
f rom m a s t  cells m a y  p lay  a p a r t  in the  normal  regula t ion  
of vascula r  tone  11. I t  was  cons idered  possible  t h a t  t he  
p u l m o n a r y  h y p e r t e n s i o n  induced  by  monocro ta l ine  m i g h t  
be assoc ia ted  w i t h  a b n o r m a l  5HT release. Accordingly,  
e x p e r i m e n t s  were  c o n d u c t e d  in which  the  p lasma- f ree  and  
p l a t e l e t - b o u n d  5HT levels were  measu red  in ra t s  fed on 
C. spectabilis seeds and  t h e  resul ts  c o m p a r e d  wi th  those  
ob ta ined  in ra t s  given a normal  diet .  

Methods. T w e n t y - o n e  female  Wis t a r  a lbino ra t s  (initial 
we igh t  68-87 g) were  d iv ided  in to  2 groups  cons is t ing  of 
9 t e s t  an imals  and  12 controls .  The  t e s t  r a t s  were  g iven a 
d ie t  of p o w d e r e d  T h o m s o n  r a t  cubes  to  which  f inely g round  
C. spectabilis seeds had  been a d d e d  to  give a concen t r a t i o n  
of 1 g/kg diet .  The  cont ro l  r a t s  received a d ie t  of un-  
adu l t e r a t ed  p o w d e r e d  ra t  cubes.  On the  t h i r t y - t h i r d  day  
of t he  e x p e r i m e n t  the  ra t s  were  anaes the t i z ed  wi th  e the r  
and  blood was w i t h d r a w n  by  card iac  p u n c t u r e  for 5HT 
assay.  D e t e r m i n a t i o n s  of p lasma- f ree  and  p l a t e l e t -bound  
5HT were  m a d e  using a spec t ropho to f luo r ime t r i c  
m e t h o d  12,13. Af te r  w i t h d r a w a l  of blood the  an imals  were  
killed and  the i r  thorac ic  organs  immer sed  in formalin.  
W h e n  f ixa t ion  was  comple t e  the  hea r t s  were  d issec ted  free 
and  the i r  c h a m b e r s  were  weighed sepa ra t e ly  using a 
m e t h o d  descr ibed  previous ly  3. The r igh t  ven t r i cu l a r  
we igh t  was  expressed  as a ra t io  of the  we igh t  of the  left  
ven t r ic le  and  in t e rven t r i cu la r  s ep tum for a s se s smen t  of 
r igh t  ven t r i cu la r  h y p e r t r o p h y ,  the  presence  of which  was  
accep ted  as ev idence  of p re -ex is t ing  p u l m o n a r y  hyp e r -  
tens ion.  

Results. In  t he  12 cont ro l  ra t s  t he  ra t io  ob ta ined  by  
d iv id ing  the  r igh t  ven t r i cu la r  we igh t  (RV) in to  t he  weigh t  

of t he  left  vent r ic le  (LV) and  in t e rven t r i cu l a r  s e p t u m  (S) 
ranged  f rom 3.5-5.6 w i t h  a m e a n  of 4.2. The range in the  
9 t e s t  ra t s  was f rom 1.4-3.3 w i th  a mean  value of 2.2. The  
difference b e t w e e n  these  2 m e a n s  is h ighly  s igni f icant  
( P  < 0.001), ind ica t ing  t h a t  all t he  t e s t  r a t s  had  r igh t  
ven t r i cu la r  h y p e r t r o p h y  when  c o mp a r e d  wi th  the  cont ro ls  
(Figure 1)  
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