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increasing age, a cont inuous decrease in per  cent  reti- 
culocytes occurred wi th  a final  va lue  of less t han  2% 
reached in adul t  (220-240 g) rats.  Corresponding wi th  the  
decrease in re t icu locyte  counts,  there  was a pronounced  
decrease i~l adenyl  cyclase ac t iv i t ies ;  in 220-240 g 
animals,  NaF-  and isoproterenol-s t imula ted  enzyme 
act ivi t ies  were only 10 to 15% of those found in the 30 to 
40 g group. 

The obvious correspondence between per  cent  ret iculo- 
cytes and adenyl  cyclase act iv i t ies  can be clearly seen in 
Figure  2 where the  adenyl  cyclase act iv i t ies  are p lo t ted  
against  the  respect ive re t iculocyte  counts :  enzyme 
act ivi t ies  a n d  per  cent  re t iculocytes  were l inear ly  Cor- 
related,  the  correlat ion coefficients amount ing  to 0.99 for 
the  basal  and the  NaF-s t imula ted ,  and to 0.98 for the  
i soproterenol-s t imulated act iv i t ies  (n = 5). Moreover,  i t  
can be concluded f rom Figure  2 t h a t  ma tu re  e ry throcytes  
conta in  only negligible amounts  of adellyl  cyclase 
ac t iv i ty :  the  respect ive  regression lines tend  to cross the  
origin. 

.Discussion. The results presented lead to the  conclusion 
t h a t  adenyl  cyclase ac t i v i t y  in the  non-nucleated red 
blood cells f rom rats  is localized in t i le ret iculocytes.  
Suppor t  for this  v iew comes also f rom pre l iminary  
exper iments  16 wi th  rats  which were t rea ted  wi th  1-acetyl- 
2-phenyl hydraz ine  : these animals  show marked  enhance- 
men t  of bo th  re t iculocyte  counts  and adenyl  cyclase 
act ivi t ies  (Table). 

Compar i son  of adenyl  cyclase act ivi t ies  in red blood 
cells f rom different  species seems also to suppor t  the  
assumpt ion  t h a t  adenyl  cyclase is localized in the  ret iculo- 
cytes. In  our invest igat ions  (Table) adenyl  cyctase 
act ivi t ies  in e ry th rocy te  ghosts f rom 180-220 g rats  were 
found to be several  t imes  higher  than  in ghost  prepara-  
t ions froln man. Likewise, the  respect ive mean  ret iculo- 
cyte  counts  amoun ted  to 2 -3% in ra t  and about  1% in 
human  blood samples. In  addit ion,  several  cases of perni-  
cious anaemia  were inves t iga ted  in which the re t iculocyte  
crisis occurr ing af ter  t r e a t m e n t  wi th  cyanocoba lamine  
was accompanied  by a marked  increase in the  adenyl  
cyclase act iv i t ies  measured in red cell ghost  prepara t ions  
(see Table). 

If  - according to our results - adenyl  cyciase is confined 
to the ret iculocytes,  then  this  enzyme is not  necessarily 
localized in the  p lasma membrane :  i t  is known tha t  
re t iculocytes  conta in  - besides mi tochondr ia  - also 
r ibosomes which cell cons t i tuents  are, in part ,  f i rmly  
bound to the  p lasma membrane~7. 

Concerning the  physiological  significance of adenyI 
cyclase in red blood cells, i t  seems tha t  the  enzyme has a 
funct ional  role only in ve ry  young  e ry th rocy te  forms or, 
perhaps,  in t i le e ry th rocy te  precursors.  This  v iew is 
suppor ted  by  recent  exper imenta l  results~8, ~9 f rom which 
a funct ional  role of cyclic A M P  and of an adrenergic  
/%receptor sys tem in the  regula t ion of erythropoiesis  m a y  
be assumed. 
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Fig. 2. Linear correlation between adenyl cyclase activities (basal, 
NaF- and D(-)-isoproterenol-stimulated) in erythrocyte ghost prepa- 
rations, and retieulocyte counts in the respective blood samples 
(rat). 

Zusctmmen/assung, Die durch Nat r iumf luor id  und 
isoproterenol  s t imul ierbare  Adenylcyclase-Aktivit~Lt in 
E ry th rocy t en -Scha t t en  yon 30-240 g schweren R a t t e n  ist 
d i rekt  propor t ional  dem prozentualen  Ret iku locyten-  
gehal t  des Blutes. Hinweise  darauf, dass die Adenyl -  
cyclase-Aktivit /~t kernloser E r y t h r o c y t e n  nahezu aus- 
schliesslich in den Re t iku locy ten  lokalisiert  ist, konnten  
auch an menschl ichem t31ut erhal ten werden. 
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A N e w  P e r i p h e r a l  M o n o a m i n e  O x i d a s e  Inhibi tor:  

The origin of the  hypotens ive  act ion of cer ta in  drugs 
and perhaps  hyper tens ion itself m a y  be de te rmined  by 
ut i l iz ing a specific per ipheral  monoanl ine  oxidase (MAO) 
inhibi tor .  Fur thermore ,  the  mechan i sm o5 reversal  of 
reserpine- induced sedat ion by  this t ype  of compound  and 
u l t ima te ly  the  site of reserpine act ion could also be ascer- 
tained. In  addit ion,  a specific per ipheral  MAO inhibi tor  
would be va luable  in the  t he r apy  of angina pectoris  
because of the  absence of central  behaviora l  effects. 

2 , 9 - D i m e t h y l - f l - c a r b o i i n i u m  Iodide  

We have  achieved selective inhibi t ion of per ipheral  
MAO wi th  the  use of 2, 9-dimethyl-f l -carbolinium iodide 
(DMCI). In  ti le in v i t ro  studies using t r y p t a m i n e  as 
substrate,  DMCI exerts  greater  inhibi t ion of MAO from 
human  l iver  mi tochondr ia  t han  tha t  f rom ra t  and bovine  
l iver  1. This repor t  describes the  selective inhibi t ion of 
per ipheral  MAO in vivo.  

Materials and methods. Male Sprague-Dawley  r a t s  
(200-250 g) were injected i.v. v ia  the  ta i l  vein  wi th  
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15 m g / k g  of  DMCI-9-14C (79 n C i / m g )  in  sa l ine ,  a n d  
s ac r i f i c ed  a t  d e s i g n a t e d  t i m e  i n t e r v a l s .  T h e  t i s s u e s  w e r e  
h o m o g e n i z e d  in  2 v o l u m e s  of  0.01 N HC1 a n d  t h e  r a d i o -  
a c t i v i t y  w a s  a s s a y e d  u s i n g  l i q u i d  s c i n t i l l a t i o n  s p e c t r o -  
m e t r y .  

T i s s u e s  f r o m  a n i m a l s  r e c e i v i n g  t h e  s a m e  dose  of n o n -  
l a b e l e d  D M C I  we re  a s s a y e d  in  v i t r o  for  3/IAO a c t i v i t y  
u s i n g  t r y p t a m i n e - 2 - 1 4 C  a s  s u b s t r a t e  as  p r e v i o u s l y  
d e s c r i b e d  2. T h e  in  v i v o  i n h i b i t i o n  of t h e  e n z y m e  w a s  a lso  
e v a l u a t e d  b y  i n j e c t i n g  i n t r a v e n o u s l y  s e r o t o n i n - ~ C  ( 5 - H T -  
2-1~C) b i o x a l a t e  (10 [ ,C i /ml /kg)  in  s a l i n e  i n t o  D M C I - o r  
s a l i n e - t r e a t e d  r a t s .  T h e  c o n c e n t r a t i o n  of  5 -HT -2 - t 4C  in  
s e v e r a l  t i s s u e s  w a s  t h e n  a s s a y e d  u s i n g  a m o d i f i c a t i o n  of  t h e  
m e t h o d  b y  WIEGAND a n d  PERRY3. 

F o r  t h e  m e t a b o l i c  s t u d y ,  r a t s  w e r e  i n j e c t e d  i .v .  w i t h  
15 m g / k g  of  t r i t i a t e d  D M C I  (270 n C i / m g ) .  A t  8 h ,  t h e  
h e a r t  t i s s u e  w a s  h o m o g e n i z e d  in  5 v o l u m e s  of 95 % e t h a n o l  
a n d  t h e  c o m p o u n d  j n  t h e  e t h a n o l  e x t r a c t  w a s  i d e n t i f i e d  b y  
T L C  in  s o l v e n t  s y s t e m s  m e n t i o n e d  in  T a b l e  I I .  B e f o r e  
m e a s u r e m e n t  of  r a d i o a c t i v i t y ,  t h e  e x t r a c t  w a s  e v a p o r a t e d  
to  d r y n e s s  to  e l i m i n a t e  a n y  c o n t a m i n a t i o n  b y  t r i t i a t e d  
w a t e r .  

Results  and discussion. T h i r t y  m i n  f o l l o w i n g  a n  i .v .  
i n j e c t i o n  of  D M C I 9 J 4 C  i n t o  r a t s ,  t h e  h e a r t  a c c u m u l a t e d  
2 . 4 %  p e r  g t i s s u e  of t h e  a d m i n i s t e r e d  r a d i o a c t i v i t y ,  

Table I. Effects of DMCI on the levels of 5-HT-I~C in rat tissues 

Time after DMCI 

injection (h)" 

Increase of 5-HT-14C per g tissue from 

controls b [%] 
Liver Heart 

0.5 138.8 :k 14.5 (7) 182.3 =~ 34.4 (3) 

1 97.5 • 11.3 (4) 252.4-E 21.4 (5) 

2 97.1 • 13.0 (4) 200.0 • 20.5 (3) 

2 104.0 4- 7.2 o (4) 369.1 -I= 24.5 o (3) 

The radioactive amine was injected i.v. to DMCI-treated animals 
10 rain prior to sacrifice, b To achieve more consistency in the resuits, 
the animals were paired; i.e., for each rat receiving DMCI, a control 
rat of corresponding weight was used in the event that  serotonin 
would not be distributed proportionately on a weight basis. 5-HT-14C 
was extracted with n-butanol at pH 2 as described by WIEGLANI) and 
PERRY a. The final aqueous phase was assayed for 1~C after the addi- 
tion of 20 ~o BBS-3 in liquifluor, and the percent increase of 5-HT-2-1~C 
per g of tissue from controls were determined. Each value represents 
the mean ~= S.E. Numbers of animals are given in the parentheses. 

Results obtained from perfused tissues. 

n e a r l y  t w i c e  t h a t  f o u n d  in  l i ve r  (1 .3% p e r  g t i s s u e ) .  T h e  
in i t i a l  l eve l  of  r a d i o a c t i v i t y  in  t h e  l i ve r  d e c l i n e d  to  h a l f  
a f t e r  1 h,  f o l l o w e d  b y  a s l i g h t  d e c r e a s e  a t  2 h,  w h i l e  t h a t  
in  t h e  h e a r t  r e m a i n e d  n e a r l y  c o n s t a n t  t h r o u g h o u t  2 h.  
I n  t h e  b r a i n ,  r a d i o a c t i v i t y  w a s  b a r e l y  d e t e c t a b l e  a t  al l  
t i m e  i n t e r v a l s  s t u d i e d .  To  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  
t h e  9-14CHa g r o u p  of  D M C I  w a s b e i n g  d e m e t h y l a t e d ,  a n  
e q u i v a l e n t  dose  of  r i n g - l a b e l e d  t r i t i a t e d  D M C I  (359 nC i /  
rag) w a s  a d m i n i s t e r e d  t o  r a t s ;  a t  2 h ,  t h e  d i s t r i b u t i o n  of  
r a d i o a c t i v i t y  s h o w e d  no  v a r i a t i o n  f r o m  t h a t  f o u n d  u s i n g  
t h e  14C c o m p o u n d .  

W h e n  t h e  t i s s u e s  f r o m  a n i m a l s  r e c e i v i n g  D M C I  we re  
a s s a y e d  in  v i t r o  for  M A O  a c t i v i t y ,  t h a t  f r o m  t h e  l i ve r  
s h o w e d  g r e a t e s t  i n h i b i t i o n  a t  30 m i n  (29.8 4- 1 .9%) ,  w h i c h  
t h e n  d e c l i n e d  to  15.8 - -  2 . 0 %  a t  i h ,  a n d  w a s  m a i n t a i n e d  
a t  t h i s  l eve l  a t  2 h.  W h e n  i n h i b i t i o n  w a s  m e a s u r e d  a t  4 h,  
a s l i g h t  i n c r e a s e  to  20.2 4- 1 . 8 %  w a s  o b s e r v e d ;  t h i s  
d e c r e a s e d  a t  8 h to  10.8 4- 1.8~o a n d  r e m a i n e d  a t  n e a r l y  
t h e  s a m e  leve l  a t  1 6 h .  I n  t h e  h e a r t ,  51.5 4- 3.3~o i n h i b i t i o n  
w a s  f o u n d  a t  30 mil l ,  w h i c h  e l e v a t e d  to  66.8 4- 2 . 9 %  a t  I h ;  
a t  2 h t h i s  l eve l  d e c l i n e d  to  57.0 :~ 1.20/0, r e m a i n e d  c o n s t a n t  
t h r o u g h o u t  8 h ,  t h e n  d e c r e a s e d  t o  28.8 4- 5 . 5 %  a t  16 h.  
A t  a l l  t i m e  i n t e r v a l s  t h e  i n h i b i t i o n  of  h e a r t  M A O  sur -  
p a s s e d  t h a t  of  t h e  l iver .  T h i s  w a s  in  a g r e e m e n t  w i t h  
t h e  r e s u l t s  f r o m  t h e  d i s t r i b u t i o n  s t u d y  d e s c r i b e d  a b o v e .  
D M C I  h a d  n o  e f f ec t  o n  M A O  a c t i v i t y  in  b r a i n  a t  a n y  t i m e  
i n t e r v a l  s t u d i e d ,  w h i c h  f u r t h e r  s u p p o r t s  t h e  i n s i g n i f i c a n t  
u p t a k e  of  D M C I  b y  t h i s  t i s s u e .  

F u r t h e r  s u b s t a n t i a t i o n  of  t h e  i n h i b i t o r y  a c t i v i t y  of  
D M C I  o n  M A O  w a s  m a d e  b y  i n j e c t i n g  a s u b s t r a t e  of  t h e  
e n z y m e ,  5-HT-2-~4C, i n t o  t h e  D M C I - t r e a t e d  a n i m a l s ,  
f o l l o w e d  b y  m e a s u r i n g  t h e  r a d i o a c t i v e  a m i n e  in  t i s s u e s .  
T h e  r e s u l t s  in  T a b l e  I i n d i c a t e  a n  i n c r e a s e  o f  5-HT-14C in  
t h e  l i ve r  a t  al l  t i m e  i n t e r v a l s  s t u d i e d .  I n  t h e  h e a r t ,  a 
c o n s i d e r a b l e  e l e v a t i o n  of 5-HT-~4C w a s  o b s e r v e d  w h i c h  
s u r p a s s e d  t h a t  f o u n d  in  t h e  l i ve r  a t  t h e  s a m e  i n t e r v a l s .  
T h e  e l e v a t i o n  of  5-HT-~4C l eve l s  in  b o t h  t i s s u e s  cor re -  
s p o n d e d  wel l  w i t h  t h e  d e g r e e  of  M A O  i n h i b i t i o n  a t  t h e s e  
i n t e r v a l s ,  a n d  a l so  t h e  r e l a t i v e  d i s t r i b u t i o n  of D M C I  in  
t h e  t w o  t i s s u e s .  T h e r e  w a s  n o  s i g n i f i c a n t  e l e v a t i o n  of 
5-HT-~4C in  t h e  b r a i n  a f t e r  t h e  o r g a n  h a d  b e e n  p e r f u s e d  
f ree  f r o m  b l o o d  w i t h  s a l i n e  ( % i n c r e a s e  of 5-HT-14C p e r  g 
t i s s u e  f r o m  con t ro l s ,  b e f o r e  p e r f u s i o n :  32.2 4- 9.4, 0.5 h ;  
63.9 =~ 13.6, 1 h ;  44.0 4- 6.9, 2 h .  A f t e r  p e r f u s i o n :  - - 3 . 4  4- 
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Table II. Excretion and metabolism of DMCI in rat  bile following i.v. injection of the tritiated DMCI 

Interval after Administered Cumulative percentage Unchanged D1KCI b Glucuronide of 9-hydroxymethyl 
injection [h] radioactivity ~ [%] [%] metabolite b, o [%] 

0 -0.5 4.0 4.0 22.6 77.4 
0.5-1 5.9 9.9 7.5 92.5 
1 -2  8.1 18.0 5.6 94.6 
2 ~ 5.5 23.5 __a _ a 
4 -8 8.4 31.9 _ a __ a 

Each value represents the mean obtained with 3 animals. ~ The radioactivity in bile samples was measured by liquid scintillation spectrometry 
following the addition of BBS-3 in liquifluor, b DMCI and the metabolite were identified by TLC in the solvent systems of n-butanol-acetic 
acid-water (4:1:1) and 2-propanol-ammonium hydroxide (4:1) against reference standards, c Hydrolysis of the conjugate was earired out by 
incubation of the bile samples in acetate buffer, pH 5, with Glusulase (1,000 U/ml, Endo Laboratories) and Ketodase (500 U/ml,Warner- 
Childott) at 37 ~ for 2 days. a Not determined. 



15.5.1973 Specialia 529 

2.6, 2 h). I n  hea r t  and  liver, increased 5-HT-~4C levels 
were still  observed af ter  perfus ion (Table I). 

E igh t  h af ter  admin i s te r ing  t r i t i a t ed  DMCI, the  
rad ioac t iv i ty  in ra t  hea r t  was due  essent ia l ly  to  the  
unchanged  compound .  Thus,  the  inh ib i t ion  of ra t  hea r t  
MAO was mos t  l ikely p roduced  by  DMCI and  no t  by  a 
metabol i te .  In  the  bile collected f rom cannu la ted  rats,  a 
to ta l  of 32% of admin is te red  rad ioac t iv i ty  was recovered 
t h roughou t  8 h (Table II).  The major  me tabo l i t e  in bile 
was ident i f ied  as the  glucuronide of 2 -methy l -9 -hydroxy-  
methyl - f l -carbol in ium iodide, a p roduc t  resul t ing f rom 
the  ox ida t ion  of the  9-methyl  group of DMCI. Abou t  30% 
of t he  admin is te red  rad ioac t iv i ty  was excre ted  in the  
urine of cannu la ted  ra ts  dur ing  the  8-h per iod;  in the  
urine the  glucuronide of the  9 - h y d r o x y m e t h y l  me tabo l i t e  
accounted  for 13% and the  unchanged  DMCI, 87% of the  
rad ioac t iv i ty .  

In  view of the  resul ts  of th is  s tudy,  DMCI exhib i t s  
proper t ies  required of a per iphera l  1V[AO inhibi tor .  I t  is 
s ignif icant  t h a t  th is  compound  demons t r a t e s  considerable  
inh ib i t ion  of hea r t  MAO which  is t h o u g h t  to be represent -  

a t ive  of the  enzyme located in the  per iphera l  nervous  sys- 
tem.  

Resumen. Yoduro  de 2, 9-dimeti lo-carbolinio (DMCI) y 
no sus metabo l i tos  inhibi6 la enzyma  monoamino  oxidasa  
y elev6 ~4C-serotonia en el corazdn e higado,  pero no en el 
cerebro de ratas .  
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The Effect of the Carbohydrate Moiety on Biological Activities of Synthetic Glycosides of Medica- 
genic Acid 

The var ious  biological act ivi t ies  exer ted  by  saponins  
are general ly a t t r i b u t e d  to the i r  aglycone moieties,  
whereas  to  the  compos i t ion  and  cons t i tu t ion  of the i r  
c a r b o h y d r a t e  moiet ies  only small,  if any, significance is 
ass igned 1, 2. 

W i t h  regard  to lucerne saponins,  i t  was found3, ~ 
t h a t  the i r  fungis ta t ic  and haemoly t i c  act ivi t ies  are 
d e p e n d e n t  solely on the  presence  of one aglycone, 
medicagenic  acid, which  is a d icarboxyl ic  t r i t e rpene  acid. 
The s t ruc tu re  of a h igh ly  act ive  lucerne saponin  was 
recen t ly  es tab l i shed  as 0-fi-D-glucopyranosyl-(1-+6)-/~-I> 
g lucopyranosyl -  (1 -~ 3)-f l-D-glucopyranosyhnedicagenic 
acid s. In  con t inua t ion  of th is  work,  the  synthes is  of 
medicagenic  acid con ta in ing  glycosides, the  c a r b o h y d r a t e  
moiet ies  of which  are composed  of 1 or 2 sugars,  e i ther  e- 
or E-linked, was under taken ,  and  the  inf luence of the  
sugar  mo ie ty  on the  ex t en t  of t he  fungis ta t ic  and  haemo-  
lyric ac t iv i t ies  was examined.  Medicagenic acid was 
p repa red  as descr ibed a and i ts  ca rboxyl  groups  conver ted  
to  the  benzohydry l  es ter  6. The following sugars were used : 
glucose, galactose,  maltose,  cellobiose and gentiobiose.  
They  were conver t ed  to  the i r  ace tobromo der iva t ives  as 
descr ibed by  JEANLOZ and STOFFYNL The syn thes i s  of 

the  glycosides was carried out  by  the  modif ied  Koenigs-  
Knor r  m e t h o d  s, as descr ibed also by  MORRIS and  TAN- 
K~;RSLEY 6 for the  synthes is  of a fi-D-glucoside of medic-  
agenic acid. Af ter  removal  of the  benzohydry l  groups by  
ca ta ly t ic  hydrogenolysis ,  t he  syn the t i c  saponins  were 
purif ied by  th in  layer  c h r o m a t o g r a p h y  on Kieselgel  H R  
plates,  using the  mix tu re  of e thy lace ta te -ace t i c  acid- 
wa te r  (7:2:2)  as solvent .  The saponins  conta in ing  only 1 
sugar  residue had  an Rf  value of 0.85, and those  which  
con ta ined  one of the  disacchar ides  had  Rf  values of 0.80- 
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Haemolytic and fungistatic activities of native and synthetic glycosides and of medicagenic acid assayed with ram red blood cells ~ and 
Sclerotium rolJsii Sacc. 

Compound assayed Mode of linkage in 
carbohydrate moiety 

Haemolytic index Mycelial growth inhibition 
by 1 • 10-4M saponin in 
the culture medium (% of control) 

Medicagenic acid -- 6600 92.5 
Native lucerne saponin /~ 1 -+6,/~ 1-+3 15000 88.0 
Glueose-medicagenic acid -- 13500 83.7 
Galactose-medicagenic acid -- 14000 88.3 
Maltose-medicagenic acid c~ 1-+4 14600 88.6 
Cellobiose-medieagenic acid ~ 1-+4 14200 86.2 
Gentiobiose-medicagenic acid ~ 1-->6 14000 86.5 

Foz methods, see GESTETNER et al. a. 


