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be tween  t he  c o m p o u n d s  w i t h  a n i t rogen  or a sul fur  a t o m  
in t h e  he terocycl ic  r ing  m u s t  be  respons ib le  for t he  large 
differences  in  t h e i r  biological  ac t iv i ty .  T he  con fo rma-  
t i ona l  possibi l i t ies  for t he  s a t u r a t e d  6-r ing inc lude  t he  
twis t ,  t h e  boat ,  and  t he  cha i r  forms.  Cyclic imines  (piper- 
id ine  der iva t ives)  are  k n o w n  to  assume m o s t l y  t he  cha i r  
c o n f o r m a t i o n  like cyc lohexane  der iva t ives .  T h e  in t ro -  
duc t ion  of sulfur  in to  t he  6-r ing m i g h t  be  expec ted  to 
cause c o n f o r m a t i o n a l  dev i a t i ons  as c o m p a r e d  to  cyclo- 
h e x a n e  a n d  p iper id ine  der iva t ives ,  e.g., changes  in t h e  

re la t ive  chair ,  b o a t ,  a n d  tw i s t  energies  or dev ia t ions  
f rom the  per fec t  chair .  These  dev i a t i ons  can  arise in the  
case of cyclic sulf ide de r i va t i ve s  because  of t he  g rea te r  
C -S  b o n d  l e n g t h  ( =  1.82 A, C - N  = 1.47 A_, C-C = 1.52A),  
t he  smal le r  C - S - C  b o n d  angle  ( =  100 ~ C~C-C = 111.5 ~ 
C - N - C  = 112.6~ a n d  o t h e r  fac tors  r e l a t i ng  to t he  geo- 
m e t r y  of t h e  r ing  sys tem.  However ,  t h e  cyclic s u l p h o n i u m  
c o m p o u n d s  I I I  a n d  VI  a p p e a r  to  exis t  in  a c o n f o r m a t i o n  
wh ich  can  more  easi ly  r eac t  w i t h  t he  musca r in ic  r ecep to r  
t h a n  t he  p ipe r id ine  analogues .  
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Summary. A b ind ing  of po lypheno t s  ( ru t in  a n d  i ts  o - f l -hydroxye thy l  der iva t ives)  to  h u m a n  se rum was d e m o n s t r a t e d .  
The  resul t s  showed  a n  increase  of b i nd i ng  p r o p o r t i o n a l  to  t he  n u m b e r  of free phenol ic  groups  on the  molecule  of ru t in .  

R u t i n  or ru tos ide  (Figure 1) is a f l avonoid  w i t h  4 
phenol i  c groups  wh ich  m a y  be  s u b s t i t u t e d  to  d i f fe ren t  
e x t e n t s  b y  O- f l -hydroxye thy l  groups.  R u t i n  and  its O-fl- 
h y d r o x y e t h y l  de r iva t i ve s  are the re fo re  especial ly  well  
su i ted  as a mode l  for a c o m p a r a t i v e  s t u d y  of p r o t e in  
b ind ing  as func t i on  of t he  n u m b e r  of free phenol ic  groups.  

In  fact ,  m a n y  s tudies  h a v e  d e m o n s t r a t e d  t h a t  t he  
degree  o~ b i n d i n g  of t h e  ac t ive  pr inc ip les  of d rugs  to  
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Fig. 1. Rutin. 
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Fig. 2. Degree of binding (%) of rutin and its hydroxyethyl deriva- 
tives to human serum proteins, in relation to their concentration. 
Values determined by equilibrium dialysis. 

p ro te ins  s t rong ly  affects  t he i r  phys io logica l  ac t iv i ty .  A 
s t rong  bond ,  for example ,  reduces  t he  in i t i a l  c o n c e n t r a -  
t i on  of t he  free ac t ive  pr inc ip le  in t he  b lood  a n d  a t  t he  
same  t i m e  pro longs  t h e  d u r a t i o n  of i ts  a c t i v i t y  2-6. 

I n  t he r apy ,  ru t in ,  a n d  pa r t i cu l a r l y  i ts  O- f l -hydroxye thy l  
de r i va t i ve s  (HR),  exe r t  a p r o t e c t i v e  effect  on  cap i l l a ry  
f rag i l i ty  ~. 

The  resu l t s  in  t h i s  p a p e r  show a decrease  of b i n d i n g  
p r o p o r t i o n a l  to  t he  n u m b e r  of s u b s t i t u e n t s .  

Materials and methods. H u m a n  se rum was p r o v i d e d  b y  
t he  Cent re  for  Blood Trans fus ion  in Berne .  The  s e r u m  
was  d ia lyzed  a g a i n s t  a n  0.1 t r i p h o s p h a t e  buf fe r  a t  p H  7.4 
a n d  f i l tered t h r o u g h  an  0.45 ~ m  mil l ipore  m e m b r a n e .  
R u t i n  a n d  t he  0 - f i - h y d r o x y e t h y l  ru tos ides  ( t lR)  were 
suppl ied  b y  t he  chemica l  research  service of Z y m a  SA, 
Nyon.  These  cons is ted  of m o n o - 7 - H R ,  d i -7 ,4 ' -HR,  t r i -  
7, 3', 4 ' - H R ,  te t ra -5 ,  7, 3', 4 ' - H R  a. The  dialysis  m e m b r a n e s  
were suppl ied  b y  Kal le  SA, of Wiesbaden ,  W e s t  G e r m a n y .  

The  m e t h o d  used was equ i l i b r ium dialysis% The  
dialysis  sacks  c o n t a i n e d  10 ml  of serum,  in wh ich  t h e  
p r o d u c t  to  be  t e s t e d  was  dissolved in c o n c e n t r a t i o n s  f rom 
0.1 to 2 mg/ml .  The  rec ip ien ts  s u r r o u n d i n g  t he  sacks  
c o n t a i n e d  20 ml  of t he  0.1 M t r i p h o s p h a t e  buf fe r  a t  p H  
7.4. The  sacks  were a g i t a t e d  a t  4~ u n t i l  t h e  p o i n t  of 
equ i l i b r i um was  r eached  a f t e r  3 days.  C o n c e n t r a t i o n s  of 
t he  f l avonoids  inside t h e  dia lysis  sacks  were d e t e r m i n e d  
b y  m e a s u r e m e n t  of t h e  e x t i n c t i o n  a t  350 n m  (345 n m  for 
t e t r a - 5 , 7 , 3 ' , 4 ' - I I R  and  360 n m  for ru t in) .  The  t e s t s  
car r ied  o u t  showed  t h a t  t he  a b s o r p t i o n  spec t r a  of t he  
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f lavonoids  s tudied showed no detec table  var ia t ions ,  
whe ther  or  no t  t h e y  were in the  presence of serum 
proteins.  

The  degree of b inding (v) was defined by  the  equa t ion  : 

S~ ]~int. - -  ]~ext. 1 
V ~ S~ -- Ein t. 

Sp: The  q u a n t i t y  of pro te in-bound f lavonoid.  This quan-  
t i t y  is propor t iona l  to the  difference in the  ex t inc t ion  of 
the  solut ion inside (Eint.) and outside (Eext.) of the  dialysis 
sack. ST : The to ta l  q u a n t i t y  of the  f lavonoid.  This  quan-  
t i t y  is p ropor t iona l  to E i n t . .  

Results. Figure  2 shows the  percentage  of prote in-  
bound  molecules in propor t ion  to concentra t ion.  Wi th in  
the  range of the  concent ra t ions  s tudied (0.1 to 0,5 mg/ml) ,  

Percent of binding (•  standard deviations) of rutin and its hydro- 
xyethyl derivatives to serum proteins at concentrations of 0.1 mg/ml 

Subs tances  tes ted  Degree of binding (% 4- 
SD) at a concentration 
of 0.1 mg/ml 

No. of exper iments  

Ru t in  70.9 -t- 1.4 II 
Mono-7-HR 52.5 q- 2.7 11 
Di-7,4"-HR 21.6 4- 2,7 9 
Tri-7,3",4"-HR 11.6 4- 1.9 10 
Tetra-5,7,3',4"-HR 5.4 4- 3.7 11 

All binding percentages are significant against a null linkage. In 
the paired-test, p, in all cases is less than 0.005, except for tetra- 
5,7;3"4'-HR: p < 0.05. 

i t  was found t h a t  several  0 - f i -hydroxye thy l  der iva t ives  
of ru t in  (mono-7-HR and t r i -7 ,3 ' , 4 ' -HR)  undergo a 
reduced binding percentage  as the  concent ra t ion  increases. 

The Table  shows the  percentage  of pro te in-bound 
molecules for a concent ra t ion  of 0.1 m g / m l  of the  var ious  
f lavonoids Studied. We  observe tha t  in the  case of non- 
subs t i tu ted  ru t in  the  binding percentage  is v e r y  high - 
70.9%. As subst i tu t ions  increase, the  percentage  pro-  
gressively diminishes,  down to 5.4% in the  case of com- 
plete subs t i tu t ion  of all phenol  groups - te t ra-5,  7, 3", 4'- 
HIR. 

When  the pro te in- ru t in  complex  or the  protein-0-/% 
hydroxye thy l - ru t in  complex  is dialyzed against  the  0.1 
M t r i -phospha te  buffer  a t  p H  7.4, t he  bond is des t royed 
and the  f lavonoid is q u a n t i t a t i v e l y  recovered.  

Discussion. As we see in the  Table,  the  binding per-  
centage diminishes progressively wi th  the  subs t i tu t ion  of 
phenolic OH groups by  h y d r o x y e t h y l  groups. The  
m i n i m u m  binding is obta ined wi th  the  comple te ly  sub- 
s t i tu ted  der iva t ive  - t e t r a - 5 , 7 , 3 ' , 4 ' - H R  - 5.4% at  a 
concent ra t ion  of 0.1 rag/rot. The  binding of ru t in  to 
serum proteins is therefore obviously  due to the  phenolic 
groups, whereas  the  O i l  groups of the  sugars and the  
ketone group of the  heterocycl ic  nucleus p lay  a ve ry  small  
role in the  b inding process. 

The or thodiphenol  grouping a t  3', 4 '  p lays  an i m p o r t a n t  
role in the  serum prote in  bond. The  subs t i tu t ion  a t  4', 
which reduces the or thodiphenol  group to a monophenol ,  
produces a great  reduct ion  in the  binding percentage - 
f rom 52.5% for the  m o n o - 7 - H R  to 21.6% for the  di-7,4 ' -  
H R .  The percentage diminishes only by  10% when the  
phenolic  OH is also subs t i tu ted  in posi t ion 3', as in the  
case of t r i - 7 ,3 ' , 4 ' -HR.  The var ious  bondings are com- 
ple te ly  reversible.  
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Summary. The depressor effects of na tu ra l  and synthe t ic  A C T H  pept ides  were demons t ra ted  in the  rat.  This  is an 
ext ra-adrenal  act ion of A C T H  and is no t  re la ted to the  adrenal -s t imula t ing  or melanocyte -s t imula t ing  ac t iv i ty  of 
the  peptide.  

The  depressor effects of na tu ra l  A C T H  and an analog, 
[Glyl]-ACTH(1-18)NH~, have  been demons t ra ted  in 
rabbi ts  and cats 1. The  present  s tudy  offers fur ther  
evidence t h a t  the  depressor effect is an ex t ra -adrena l  
act ion of ACTFI and is not  d i rec t ly  re la ted to the  adrenal-  
s t imula t ing  or melanocyte -s t imula t ing  ac t iv i ty  of the  
peptide.  

Pept ides  were dissolved in 0.005 N HC1-0.9% NaC1 
solut ion and adminis tered  into the  tai l  vein of u re thane  
(1.2 g/kg body  wt,  s .c.)-anesthetized male Wis ta r  rats  
weighing 140-160 g a t  a vo lume  of 0.1 ml  per  100 g 
body  wt.  The  systolic blood pressure was measured by  
the  tai l-cuff  me thod  ~ using a Phys iograph  Desk Model 
D M P  4B wi th  p rog rammed  E lec t ro -Sphygmomano-  
mete r  PE-300 (Narco Bio-Sys tem Inc.,  Houston,  Texas).  
The  carot id  blood pressure was measured  direct ly  by  
connect ing a polye thylene  tube  (PE 50) inser ted into the  
a r te ry  wi th  an electric manomete r  (MP-r Nihon 
Khoden  Kogyo,  Tokyo).  

Admin is t ra t ion  of porcine A C T H  (0.5 mg/kg) into the  
adrenalec tomized ra t  decreased the  blood pressure by 

40-50 m m  Hg  wi th  a 2-3 rain lag and the  reduced pressure 
was main ta ined  for more t h a n  6 rain. [Aibl]-ACTH(1- 
18)NH2(I) 3 at  doses of 0.125, 0.25 and 0.50 mg/kg  
produced immedia te  decreases of 40-50 m m  Hg in the  
ta i l  b lood pressure of adrenalec tomized rats  and the  re- 
duced pressures were main ta ined  for 1, 2 and more t h a n  
5 rain, respect ively.  

In  in tac t  male rat,  a typica l  response to I is shown in 
the  Figure.  The  depressor responses wi th  1 mg/kg  of I 
were 55 m m  I l g  in the  tai l  (bot tom section of the  Figure) 
and 40 m m  Hg  in the  carot id  a r te ry  (top section). 
Admin i s t r a t ion  of control  vehicle,  EAibl]-ACTH(1- 
10)OH(2 mg/kg),  and ACTH( l l -18 )NH~(2  mg/kg) into 
the  in tac t  rats  showed no effect on ei ther  the  blood pressure 
or the pulsat ion in the  tail.  Syn the t ic  u-MSH and human  
/ / -MSH at  a dose o f  0.25 mg/kg  had no effect on in tac t  
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