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A de ny l  Cyc lase  Act iv i ty  in N o n - N u c l e a t e d  Red 
R e t i c u l o c y t e s  

In con t ras t  to  earlier f indings  ~-5, SHEPPARD and  
BURGHARDT 6, 7 have  shown t h a t  adenyl  cyclase is p resen t  
no t  only  in nuc lea ted  b u t  also in non-nuc lea ted  e ry thro-  
cytes ;  the  enzyme ac t iv i ty  t h e y  measured  in ghos t  mem-  
branes  f rom ra ts  and mice  was a lmos t  exclusively s t imu-  
la ted  by  f l - sympathomimet ic  agents .  

The significance of t he  presence  of adenyl  cyclase in t he  
e ry th rocy te  m e m b r a n e  is ye t  unknown.  I t  is well es tab-  
lished, however ,  t h a t  var ious  enzymes  found  in red blood 
cells are no t  eventy  d i s t r i b u t e d  t h r o u g h o u t  the  whole  
e ry th rocy te  popu la t ion  b u t  lose the i r  ac t iv i t ies  par t ia l -  
ly s-l~ or even comple te ly  s,9 dur ing  the  m a t u r a t i o n  
process.  I t  seemed to  be of interest ,  therefore ,  to f ind out  
whe the r  th is  would be t rue  for adenyl  cyclase ac t iv i ty  
also: if adenyl  cyclase ac t iv i ty  were p resen t  only dur ing  
d i s t inc t  s tages of the  red cell ma tu ra t ion ,  e.g. in the  ret i -  
culocytes,  t hen  th is  migh t  provide  an ind ica t ion  for t he  
funct ional  role of th is  enzyme in t he  red cell. 

Therefore,  an a t t e m p t  was made  to  measure  adenyl  
cyclase act ivi t ies  in blood samples  f rom ra ts  w i th  d i f ferent  
degrees of re t iculocytoses .  According to GANZONI 1~, a 
p ronounced  re t iculocytosis  occurs dur ing  the  ear ly  per iod 
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of rapid  growth.  This re t iculocytosis  indica tes  an enhanced  
e ry thropoie t i c  response  due to  t he  re la t ive ly  high p l a sma  
volume,  and d i sappears  slowly wi th  increasing age. In  t he  
expe r imen t s  descr ibed below, we therefore  used 5 groups  
of male Wis ta r  ra t s  w i th  body  weights  of 30-40, 80=90, 
120-130, 170-180, and  220-240 g. 

Methods .  F r o m  hepar in ized  blood pooled f rom 20 to  
50 Wis t a r  rats,  ghosts  were  p repa red  as descr ibed by  
SHEPPARD and BURGHARDT 6 and  by  DODGE et al. la 
Freeze-dr ied  ghosts  were  used in all exper iments .  

Assays of adenyl  cyclase ac t iv i ty  were pe r fo rmed  
essent ia l ly  according to  SHEPPARD and  BURGHARDTB; as 
a ma jor  modif icat ion,  an ATP- regene ra t ing  sys t em was 
added.  ~4C-labeled cyclic A M P  formed f rom 8-14C-ATP 
was separa ted  f rom o ther  nucleot ides  by  the  m e t h o d  of 
KRISHNA et  al. ~ Ret icu locytes  were counted  in blood 
smears  af ter  s ta in ing wi th  br i l l an t  cresyl  blue. P ro te in  
was de te rmined  using the  m e t h o d  of LowRY et  al. ~5. 

Resul t s .  As can be seen f rom Figure  1, adenyl  cyclase 
ac t iv i ty  was s t imula ted  m o r e  t h a n  10-fold by  N a F  and 
abou t  4- to  6-fold by  D(-)-isoproterenol in all groups of 
animals,  i r respect ive ly  of body  weight  or age. W i t h  
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Fig. 1. Decrease of adenyl cyclase activities (basal, NaF- and I~(-)-iso- 
proterenol-stimulated; left ordinate) in erythrocyte ghost prepara- 
tions, and decrease of reticulocyte counts (% of erythrocytes; right 
ordinate) in blood samples from growing rats. 
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A denyl cyelase in the erythroeyte membrane 

Rat Man 

Reticulocytes [%] Adenyl cyclase aetivity~ Reticulocytes [%] Adenyl cyelase activity 
Basal NaF10-2M Basal NaF 10 2M 

Untreated controls (180-220 g, n = 7) 

2.2 ~: 0.4 2.7 • 1.0 

Healthy male volunteers (n = 5) 

49 :t: 10 1.2 -t- 0.2 0.5 :t= 0.2 7.6 -- 0.6 

APH-treated b (n = 8) Patients with pernicious anaemia~ (n = 3) 

65 4- 6 11 -t- 2 200 i 16 24 ~ 4 1.6 -1- 0.7 20 -4- 2 

Expressed as pmoles cAMP formed/10 min/mg protein • SEM. b Treatment with 3 • 60 mg/kg i.m. 1-acetyl-2-phenyl hydrazine on 3 con- 
secutive days, 7 days after 1st injection, o 7 days after beginning of treatment with eyanocobalamine. 
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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  


