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The Effect of Chronical Intake of Arsenic on the Liver Tissue  Respiration in Mice 

I n  t he  course  of our  e x p e r i m e n t s  on  some hygien ic  
aspec t s  of l o n g - t e r m e d  i n t a k e  of arsenic,  i t  was  n o t e d  t h a t  
a ch ron ic  a p p l i c a t i o n  of even  smal l  doses of t h i s  tox ic  
a g e n t  in  d r i n k i n g  w a t e r  p roduced  in mice  s ign i f i can t  h is to-  
logical changes  of t h e  l iver  1. I t  was  the re fo re  of i n t e r e s t  
to  s t u d y  w h e t h e r  t h i s  effect  was  c o n n e c t e d  w i t h  resp i ra -  
t o r y  changes  of t he  l iver  t issue.  Th i s  topic  was  s tud ied  in 
v i t ro  in r a t  l iver  a n d  k i d n e y  slices 2 a n d  in m i t o c h o n d r i a  3-s; 
b u t  we could  no t  f ind a n y  p a p e r  dea l ing  w i t h  t he  inf luence  
of a rsen ic  a d m i n i s t e r e d  in vivo.  T h e  a i m  of t he  p r e s e n t  
s t u d y  was  to  f ind  whe the r ,  a n d  to  w h a t  degree,  t i s sue  
r e sp i r a t i on  can  be  in f luenced  b y  a ch ron ic  i n t a k e  of a rsen ic  
in d r i n k i n g  water .  

The  e x p e r i m e n t s  were done  w i t h  ha i r less  mice  used 
t h r o u g h o u t  all  ou r  s tud ies  of a rsenic  ac t ion .  Arsenic  was  
a p p l i c a t e d  as t r i ox ide  in t he  d r i n k i n g  w a t e r  in  c o n c e n t r a -  
t ions  of 5 a n d  50 mg/1 respec t ive ly .  These  so lu t ions  were 
g iven  a d  l i b i t um.  Af t e r  256 d a y s  t h e  mice  were  decapi -  
t a t e d ,  t h e  l iver  was  r a p i d l y  r e m o v e d  a n d  h o m o g e n i z e d  in 
icecold sucrose  so lu t ion  (0.25 M).  O x y g e n  c o n s u m p t i o n  in 
t he  h o m o g e n a t e  was m e a s u r e d  b y  t he  c o n v e n t i o n a l  W a r -  
b u r g  t e c h n i q u e  on  a i r  and  r e l a t ed  to  t h e  d r y  we igh t  of t he  
h o m o g e n a t e .  

I n  a n o t h e r  se t  of e x p e r i m e n t s ,  a rsen ic  t r i ox ide  was  
a d d e d  to  t h e  a s say  s y s t e m  in t h e  f ina l  c o n c e n t r a t i o n  of 
10-3M.  T h e  scope of these  e x p e r i m e n t s  was  to  f ind  
w h e t h e r  a chron ic  a d m i n i s t r a t i o n  of a rsen ic  c o n t r i b u t e s  
to  a c t i v a t i o n  of a d a p t a t i v e  m e c h a n i s m s .  

The  resu l t s  are  s u m m a r i z e d  in t h e  Table .  I t  c an  be  seen 
t h a t  a r sen ic  m a r k e d l y  suppresses  t he  o x y g e n  c o n s u m p t i o n  
of t h e  l iver  t issue.  However ,  t h e  d i f fe rence  b e t w e e n  t he  

g roups  is n o t  p r o p o r t i o n a l  to  t h e  d i f ferences  in  c o n c e n t r a -  
t ions  a n d  i t  is also n o t  s t a t i s t i ca l ly  s igni f icant .  

The  p resence  of a rsen ic  in  t he  i n c u b a t i o n  m e d i u m  caused  
a s ign i f i can t  decrease  of t h e  r e sp i r a t i on  in n o r m a l  mice. 
On t h e  o t h e r  h a n d ,  in  a n i m a l s  exposed  to  t h e  lower  con-  
c e n t r a t i o n  of arsenic ,  on ly  s l igh t  a n d  ins ign i f i can t  de- 
crease of o x y g e n  c o n s u m p t i o n  could  be  obse rved .  E v e n  
in t h e  g roup  d r i n k i n g  50 m g  arsenic/1 t h e  decrease  was 
m u c h  lower  t h a n  in t h e  e x p e r i m e n t  w i t h o u t  in  v i t r o  
a d d i t i o n  of  arsenic .  T h e  lower  s ens i t i v i t y  to  a r sen ic  m a y  
be  due  p r o b a b l y  to  a n  a d a p t a t i o n  of t h e  o r g a n i s m  to  a 
p ro longed  exposu re  to  low doses  of t h e  tox ic  agen t ,  or  to  
a dec reased  level  of ox id izab le  subs t r a t e s .  T h e  f i rs t  p re -  
s u m p t i o n  seems to  be  s u p p o r t e d  b y  our  f ind ing  of a 
decrease  in acu t e  t o x i c i t y  of arsenic  d u r i n g  i t s  ch ron ic  
i n t a k e  s. 

I n  add i t ion ,  t h e  p r e s e n t  s t u d y  shows  t h a t  t h e  m e t h o d  
used can  b e  a v a l u a b l e  a n d  sens i t ive  i n d i c a t o r  of a r sen ic  
i n t o x i c a t i o n  w h i c h  regis ters  e v e n  smal l  c h a n g e s  n o t  de-  
t e c t a b l e  w i t h  c u r r e n t  m e t h o d s .  

Zusammen/assung. Es  wird  gezeigt ,  dass  eine langfr i -  
s t ige Z u f u h r  y o n  Arsen  in T r i n k w a s s e r  bei M/~usen eine 
wesen t l i che  A b n a h m e  des  S a u e r s t o f f v e r b r a u c h e s  des  
L e b e r h o m o g e n a t e s  h e r v o r r u f t .  Die  c h r o n i s c h e  Verab re i -  
c h u n g  y o n  n i ed r igen  A r s e n g a b e n  b lock i e r t  die r e sp i r a t ions -  
h e m m e n d e  W i r k u n g  yon  Arsen  in v i t ro ,  was  w a h r s c h e i n -  
l ich auf  eine A d a p t a t i o n  des  O r g a n i s m u s  zur i i ckzuf i ih ren  
ist. 
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C o n c e n t r a t i o n  of No a r sen ic  a d d e d  Arsen ic  a d d e d  
a rsen ic  in d r i n k i n g  / ~ 1 0 J h / m g  /~10~/h lmg 
w a t e r  d r y  w e i g h t  d r y  w e i g h t  

None 4.88 ± 0.52 a (6) 2.89 i 0.18 (5) 
5 mg/1 2.99 ~ 0.51 b (4) 2.46 4- 0.30 (6) 
50 mg/1 2.59 i 0.12b (4) 1.88 ± 0.16 b (5) 

a Mean  ± s t a n d a r d  e r r o r  of the  m e a n .  b Va lue  s ign i f i can t ly  d i f fe ren t  
f r o m  con t ro l .  No.  of a n i m a l s  in  b r acke t s .  
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Adrenergic Fibres in the Mucous Membrane of Guinea-Pig  Al imentary Tract 

A r ich  n e r v e  s u p p l y  to  t h e  m u c o u s  m e m b r a n e  of t h e  
smal l  i n t e s t i n e  was  recognized  b y  DOGIEL 1 a n d  b y  C A J  AL 2 
( 'p lexus  pe r ig l andu la i r e '  a n d  ' p l exus  des  v i l los i t6s ' ) ;  ac- 
co rd ing  to  t he  l a t t e r  au t ho r ,  t hese  f ibres  are  m o t o r  n e r v e  
fibres, be ing  i n t i m a t e l y  r e l a t ed  to  s m o o t h  muscle  cells a n d  
to sec re to ry  cells. B y  e lec t ron  microscopy,  HONJIN et  a l )  
h a v e  obse rved  b u n d l e s  of n e r v e  f ibres  in t h e  muscu la r i s  
mucosae  of t u n i c a  p r o p r i a  of h u m a n  smal l  i n t e s t i n e :  t he se  
f ibres  c o n t a i n  a g r a n u l a r  vesicles  a n d  a re  s i t u a t e d  in  close 
c o n t a c t  w i t h  CAJAL'S i n t e r s t i t i a l  ceils. SILVA 4 desc r ibed  
n e r v e  f ibres  a r o u n d  mouse  colon  glands ,  r u n n i n g  in 

b u n d l e s  a n d  c o n t a i n i n g  b o t h  g r a n u l a r  a n d  a g r a n u l a r  
vesicles.  B y  f luorescen t  microscopy ,  in  c a t  a n d  m o n k e y  
sma l l  in tes t ine ,  JACOBOWlTZ * h a s  fol lowed adrenerg ic  
f ibres  as fa r  as t he  t u n i c a  propr ia ,  where  t h e y  b r a n c h  o v e r  
t h e  basa l  a spec t  of t he  g l a n d u l a r  ep i the l ium.  

B y  e m p l o y i n g  t h e  FALCK a n d  HILLARP m e t h o d  s for 
t h e  h i s t o c h e m i c a l  d e t e c t i o n  of b iogenic  amines ,  we h a v e  
i n v e s t i g a t e d  t h e  d i s t r i b u t i o n  of ad rene rg ic  n e r v e  f ibres  in  
t h e  m u c o s a  of d i f f e ren t  s e g m e n t s  of t h e  d iges t ive  t r a c t .  
The  s t o m a c h ,  t h e  i l eum a n d  t h e  r e c t u m  of 6- to  8 - m o n t h -  
old  gu inea-p igs  h a v e  b e e n  t h e  o b j e c t  of t h e  p r e s e n t  
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Fig. 1. Rectum. Oblique section through mucosa and submucosa. To 
the left fluorescent fibres of the submucosa and the perivascular net; 
in the middle fluorescent fibres of tunica propria and muscularis 
mucosae; to the right fluorescent fibres running parallel to the axis 
of the crypts. × 210. 
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Fig. 2. Stomach. Tangential section through tunica mucosa. Among 
the innermost part of gastric glands (transversally sectioned) peri- 
vascular fluorescent fibres and thin isolated fluorescent fibres are 
apparent. × 390. 

inves t iga t ion .  Accord ing  to  t h e  i n d i ca t i o n s  g iven  in a 
fo rmer  p a p e r  7, t r ansve r se ,  ob l ique  a n d  t a n g e n t i a l  sec t ions  
were  p r e p a r e d  t o g e t h e r  w i t h  f la t  whole  m o u n t s  of t h e  
m u c o u s  m e m b r a n e •  T h e  specif ic i ty  of t h e  r eac t i on  h a s  
been  con t ro l l ed  accord ing  to  t h e  i n d i ca t i o n s  g iven  b y  
CORRODI a n d  JONSSON s. 

T h e  d i s t r i b u t i o n  of f luorescen t  n e r v e  f ibres  is v e r y  
s imi la r  in all t h e  s egmen t s  e x a m i n e d .  F r o m  t h e  f luo rescen t  
f ibres n e t  of t h e  s u b m u c o s a  severa l  b r a n c h e s  were  seen 
cross ing t h e  muscu la r i s  mu co s ae  a n d  p e n e t r a t i n g  t h e  
t u n i c a  propr ia .  W i t h i n  t h e  muscu la r i s  mucosae ,  b u n d l e s  
of f luorescen t  var icose  f ibres  follow t h e  l e n g t h  of s m o o t h  
muscle  cells. T h e  f ibres  wh ich  h a v e  b r a n c h e d  w i t h i n  
t u n i c a  p rop r i a  fo rm a t h i c k  n e t  a r o u n d  t h e  b o t t o m  of t h e  
c r y p t s  (Figure  1). I n  sec t ions  t a n g e n t i a l  to  t h e  free sur face  
of t h e  wal l  f luorescen t  var icose  f ibres  a p p a r e n t l y  s u r r o u n d  
t h e  g l ands  ( t r ansve r sa l ly  sec t ioned)  r u n n i n g  n o t  f a r  f rom 
t h e  ep i the l ia l  cells (Figure  2). In  add i t ion ,  a r o u n d  t h e  
glands,  a dense  vascu la r  n e t  w i t h  i ts  t y p i ca l  p e r i v a s c u l a r  
n e rv o u s  s u p p l y  is a p p a r e n t .  In  s t o m a c h  a n d  r e c t u m  walls,  
t h i n  f luo rescen t  f ibres  r u n  a long  t h e  g l ands  a n d  c r y p t s  
a n d  can  be  fol lowed to  b e n e a t h  t h e  free surface  of t h e  wal l  
(Figure  3). I n  smal l  in tes t ine ,  s imi la r  f ibres  are a p p a r e n t  
w i th in  t h e  s t r o m a  of t h e  villi, up  to t h e  t ip.  

U n f o r t u n a t e l y ,  w i th  t h e  p r e s e n t  m e t h o d ,  n e i t h e r  in 
s m o o t h  musc le  cells of muscu la r i s  m u c o s a e  a n d  of b lood 
vessels n o r  in ep i the l ia l  cells of g l and  b o t t o m s ,  could we 
def ine how i n t i m a t e  t h e  r e l a t ionsh ip  is b e t w een  adrenerg ic  
f ibres  a n d  muscu l a r  a n d  g l a n d u l a r  effectors.  In  o rder  to  
e luc ida te  t h e  l a t t e r  a spec t  of t h e  p rob lem,  u l t r a s t r u c t u r a l  
i nves t i ga t i ons  a re  in progress  in our  l ab o ra t o ry .  

In  conclusion,  in gu inea-p ig  s t o m a c h  i l eum a n d  r e c t u m  
adrenerg ic  f ibres w i th  var icose  a spec t  h a v e  been  d e m o n -  
s t r a t e d  wi th in  t h e  t u n i c a  p ropr i a  of t h e  mucosa ,  in  int i -  
m a t e  r e l a t ionsh ip  w i t h  t h e  sec re to ry  cells. Adrenerg ic  
f ibres  were de t ec t ed  also in t h e  t e x t u r e  of muscu la r i s  
mucosae,  para l le l  to  b u n d l e s  of s m o o t h  muscle  cells 9. 

Riassunto. Con il m e t o d o  in microscopia  a f luorescenza  
di FALCK e HILLARP ~ s t a t a  s t u d i a t a  l ' i n n e r v a z i o n e  
ad renerg ica  del la  t o n a c a  m u c o s a  del cana le  a l i m e n t a r e  
del la  cav ia  adu l t a .  Sono s t a t e  messe in e v i d e n z a  f ibre  
ad rene rg i che  nel la  l a m i n a  p rop r i a  de l la  t o n a c a  mucosa ,  in  
i n t i m o  r a p p o r t o  con  le cellule epi te l ia l i  secernent i .  F i b r e  
ad rene rg i che  sono  p re sen t i  a n c h e  nel lo spessore  del la  
muscu la r i s  mucosae  para l le le  ai  fasci di cellule musco la r i  
lisce. 
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Fig. 3. Stomach. Transverse section through tunica mucosa. Thin 
fluorescent fibres with the typical varicosities are observed running 
parallel to the axis of gastric glands (longitudinally sectioned). × 390. 
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