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S o d i u m  C o n c e n t r a t i o n  and  the  Effect  of A n g i o -  
t e n s i n  II  on  I l e a l  S m o o t h  M u s c l e  

Angiotens in  I I  is a p o t e n t  p rox ima te  s t imulus  to aldo- 
s terone secret ion t, and  the  level of secre tory  response  is 
inverse ly  re la ted to the  p lasma sodium concen t ra t ion  ~. 
The pressor  act ion of angiotens in  is an increasing funct ion  
of the  to ta l  b o d y  sodium con ten t  3-6. These examples  sug- 
gest  t h a t  the  amb ien t  sod ium concen t ra t ion  m a y  modify  
ac t ions  of angiotens in  on effector  cells generally,  b u t  t h a t  
t he  di rect ion of the  modif icat ion,  in t e rms  of measured  
response,  m a y  differ in various tissues. The p resen t  paper  
repor t s  effects of changes  in sod ium concen t ra t ion  of the  
m e d i u m  on the  contrac t i le  response of isolated guinea-pig 
i leum to angiotensin.  

E x p e r i m e n t s  were pe r fo rmed  on 1-2 cm lengths  of 
guinea-pig  i leum suspended  in Krebs  b ica rbona te  Ringer  
bubb led  wi th  5% COz in O~ e a t  37~ in a 20 ml  organ 
bath .  Cont rac t ions  were recorded wi th  a Grass force- 
d i sp lacement  t r ansduce r  coupled to  an Offner recorder.  
The b a t h  was empt ied  and  washed  as soon as a response 
had  passed  i ts  max ima l  value. In  mos t  expe r imen t s  
sod ium concen t ra t ion  of the  med ium was var ied by  -4- 30 
meq./1. The ton ic i ty  of the  low sodium solut ion was cor- 
rec ted  by  adding  60 mOsm./1 of sucrose and the  effect  of 
t he  hyper ton ic  sod ium solut ion was compared  wi th  the  
effect  of Ringer  b rough t  to equ iva len t  ton ic i ty  wi th  
sucrose. Dose-response curves in s t anda rd  Ringer  were 
ob ta ined  for 0.1 ml  addi t ions  of va l ine-5-angiotens in  I I  
amide  (Ciba) or acetylchol ine  chloride (Roche). The log 
dose-response re la t ionships  were  l inear over  the  range 
5 �9 10 -~~ to 5 �9 10 s g/ml. Three-po in t  dose-response curves 
were de t e rmined  wi th  r andomized  doses of e i ther  angio- 
t ens in  or acetylchol ine  given at  4 min in tervals  for 
app rox ima te ly  1 h periods in s t anda rd  Ringer ,  t hen  in 
high or low sodium Ringer,  and  t h e n  again in s t and a rd  
Ringer.  

Figure  1 shows the  resul ts  for angio tens in  added  to 
h igh  and low sodium Ringer  a t  two dose levels. The re- 
sul ts  are expressed as the  mean  dev ia t ion  f rom the  mean  
contrac t i le  response in s t anda rd  Ringer.  The m e a n  devia-  
t ions  are p lo t t ed  for responses  grouped  in the  in terva ls  
0-20 min and 20-60 min in high or low sodium Ringer  and 
0-20 rain and  20-60 min  af ter  s t a n d a r d  Ringer  was re- 
placed.  

Increase  of 30 meq./1 NaC1 in the  med ium increased the  
p o t e n c y  of angiotensin,  of ten  threefold.  The po ten t i a t i on  
occurred wi th in  20 min and  pers is ted  for 60 min in all bu t  
one case. Rep l acemen t  of s t anda rd  Ringer  a lways re- 
sul ted  in a large decline of response to angiotensin.  The 
response  to angio tens in  was no t  increased in Ringer  made  
60 mOsm./1 hyper ton ic  by  add i t ion  of sucrose. Reduc t ion  
of the  sodium con ten t  of the  med ium by  30 meq./1 always 
caused a fall of the  contract i le  response  to added  angio- 
tensin.  Usual ly  the  respons iveness  to  angio tens in  in- 
creased when  the  s t anda rd  m e d i u m  was  replaced b u t  
rare ly  recovered to contro l  levels wi th in  1 h. There  was a 
smal l  regular  decline of response  to  contro l  doses of angio- 
t ens in  given every  4 rain for a per iod of 2-3 h. W h e n  the  
sod ium concen t ra t ion  of the  Ringer  was  a l tered  by  -4- 50 
meq. / l  s imilar  bu t  larger a l te ra t ions  in cont rac t i le  re- 
sponse  to angiotens in  were observed.  The f indings indicate  
t h a t  the  reac t iv i ty  to angio tens in  of ileal smoo th  muscle  is 
d i rec t ly  re la ted to the  sodium con t en t  of the  medium.  

The relat ive effect  of a t ropine  on the  ac t ion  of sub- 
max im a l  doses of angiotens in  and  ACh was examined  
(Figure 2). At  5 �9 10 -s g/ml atropine,  t he  ACh effect  was 
abol i shed  and the  angiotens in  effect  was reduced  to about  
40?/o of cont ro l  level. Doses  of angiotensin ,  ACh and the  

ganglion s t imu lan t  d ime thy lpheny lp ipe raz in ium iodide 
(DMPP,  Fluka) were chosen to produce  con t rac t ions  of 
ap p ro x i ma t e l y  equal  peak  size. Atropine  a t  10-+ g/ml  
reduced the  response  to  angiotens in  by  50-70%,  b u t  
responses  to  ACh and D M P P  were v i r tua l ly  abolished.  
The resul ts  are cons is ten t  wi th  those  of KHAIRALLAH and 
PAGE T in t h a t  t h e y  suggest  t h a t  pa r t  of the  ac t ion  of 
angio tens in  I I  on ileal muscle is med ia ted  by  ACh and  a 
subs tan t i a l  f rac t ion  is not .  
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Fig. 1. Contractile response to angiotensin If. 
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Fig. 2. Relative effect of atropine on the action of submaximal doses 
of angiotensin and ACh. 
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This dual  ac t ion of ang io tens in  I I  suggests  several  
possibi l i t ies  for the  site of ac t ion of sodium concen t ra t ion  
change and  one poss ibi l i ty  was t h a t  i t  migh t  modi fy  the  
act ion of l ibera ted  ACh. However ,  t he  high sodium me- 
d ium did no t  a u g m e n t  the  contrac t i le  response to added  
ACh, bu t  in b o t h  high and low sodium media  the  response  
was reduced,  o f ten  subs tan t i a l ly  (Figure 3). A small  re- 
duct ion  of response to ACh occurred in s t anda rd  Ringer  
over  2-3 h. 

In  view of th is  f inding we examined  the  effect  of raising 
the  sod ium concen t ra t ion  (+ 30 meq./1) in media  con- 
ta in ing a t rop ine  a t  10 -6 g/ml, which abol ished the  re- 
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Fig. 3. Contracti le response to acetylcholine. 

sponse to  5 �9 10 v g/ml ACh. The p o t en cy  of angiotensin  I I  
was increased app rox ima te ly  tenfold  in the high sod ium 
as compared  wi th  the  normal  sodium media.  

I4~HAIRALLAH and PASE ~ concluded tha t ,  besides t he  
s mo o t h  muscle  cells of the  ileum, only the i n t r amura l  
post -gangl ionic  neurones  respond  di rec t ly  to angiotensin .  
LEwis  and  REIT S have  d e m o n s t r a t e d  t h a t  angiotens in  is 
indeed a p o t e n t  s t imulan t  of au tonomic  ganglia. There  is 
the  fu r the r  possibi l i ty  t h a t  angiotens in  may  release o t h e r  
media to rs  of the  contract i le  response.  E x p e r i m e n t s  are 
cont inu ing  to examine  the  possible si tes where sod ium 
m a y  inf luence the  act ion of angiotensin.  

Zusammen/assung. Die kont rak t i le  Reak t ion  des iso- 
l ier ten Meerschweinchen- I leums  auf Angiotens in  I I  vari-  
ierte d i rek t  mi t  der  N a t r i u m k o n z e n t r a t i o n  der  N/ihr- 
fltissigkeit, n ich t  aber  bei  ACh; At rop in  (10 -6 g/ml) re- 
duzier te  die W i rk u n g  auf Angio tens in  um 60-70% und  
hob  die W i rk u n g  auf ~iquivalente Mengen yon  ACh auf. 
In  a t rop inha l t ige r  Ringer l6sung potenzier te  ein hoher  
N a t r i u mg eh a l t  (+ 30 meq./1) die Reak t ion  auf Angio- 
tens in  zehnfach.  
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N a r i n g e n i n  I n h i b i t i o n  o n  E x p l a n t s  i n  v i t r o  o f  
Cichorium intybus ( C h i c o r y )  

Nar ingenin  (5, 7, 4 ' - t r ihydroxyf lavanone)  is consid- 
ered lm one of the  inhib i tors  regula t ing the  d o r m a n c y  of 
peach  flower buds,  while DENNIS and EDGERTON 3 and we 
ourselves 4 have  shown t h a t  the  nar ingenin  level is no t  
corre la ted  to bud  deve lopment ,  Besides, th is  subs tance  
cons iderably  inhib i t s  cell e longat ion  ~,5 and in vi t ro  causes 
a weak inhib i t ion  of prol i ferat ion,  induced  by  3-indole- 
acetic acid, of Helianthus tuberosus exp lan t s  s. 

There  are no da t a  on nar ingenin  inhib i t ion  of organo- 
genesis in vitro.  As chicory roots  (Cichorium intybus) in 
v i t ro  m a y  form buds  7, we have  s tudied  nar ingenin ' s  effect  
on th is  organogenesis .  

P r i smat ic  (1 cm) exp lan t s  f rom sterile roots,  conta in ing  
vascular  pa renchyma ,  c a m b i u m  and  phloem,  were uti-  
lized. These were placed in v i t ro  wi th  radical  pa r t s  in a 
nu t r i t i ve  m ed ium s wi th  glucose 5% and  agar  1.2%. Con- 
cen t ra t ions  of nar ingenin  (Calbiochem) be tween  10 _4 and  
10-7 M were uti l ized wi th  a cont ro l  in basa l  med ium alone. 
16 repl icat ions were ut i l ized for every  concent ra t ion .  The 
cul tures  were randomized  and grown in a cul ture room a t  
25 ~ in cont inuous  l ight  of 1800 lux. The expe r imen t  was 
r epea ted  thr ice  a t  d i f ferent  t imes  wi th  similar  results.  I n  
the  Table  the  results  refer to a single exper iment .  

I t  is ev iden t  t h a t  nar ingenin  10-434 comple te ly  blocks 
bud  format ion.  Concent ra t ions  of nar ingenin  be tween  10 

Naringenin effect on bud formation in explants in vitro of chicory 
roots: % of buds compared with control = 100 

Molar Age of cultures (days) 
concentra-  
tions of 7 9 
naringenin 

11 13 15 

0 100 236.61 245.70 250.86 256.02 
10 4 0.00 0.00 0.00 0.00 0.00 
10 -~  10.81 106.39 150.12 177.39 188.21 
10 .6 26.29 147.48 173.71 190.42 200.49 
10 ~ 49.14 147.42 1 5 7 . 2 5  188.21 196.56 
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