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During 'habi tuat ion '  in man' ' the main visual evoked 
response changes' are 'reduction of amplitude or dis- 
appearance of all its components '  bu t  particularly of the 
' last '  waves caused by  unspecific polysynaptic pathways L 
On the contrary, our results are exclusively concerned 
with the 'pr imary evoked response' directly recorded 
from the optic pathways. I t  is likely that,  in  man, non- 
specific responses caused by  unspecific afferent systems 
may undergo 'habi tuat ion '  phenomena which, according 
to our results, are not  observed in the specific primary 
responses. 

Zusammen/assu,cg. Unter  Atropinmydriase verschwin- 
den beim Menschen die primliren visuellen Antwort-  
potentiale auch bet wiederholter photischer Stimulat ion 
nicht, d.h. es t r i t t  in bezug auf diese Potentiale keine 
Habi tuat ion auf. 
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R N A - I n d u c e d  B i o s y n t h e s i s  of  A d u l t  
H a e m o g l o b i n  i n  C o o l e y ' s  D i s e a s e  

An abnormal disposition of amino acids has been 
demonstrated for various pathological haemoglobins ~'2. 
I t  is well known, for example, tha t  sickle cell haemo- 
globin differs f r o m n o r m a l  haemoglobin bY the replace- 
ment  of one amino acid (valine for glutamic acid) in a 
specific peptide of the /~-polypeptide chain 8,4. This 
demonstrates tha t  abnormal  information for protein syn- 
thesis exists in hereditary haemoglobinopathies, due, very 
probably, to a defect in the DNA and therefore of the 
messenger-RNA. 

In  recent research in  the field of molecular biology, it  
has been observed that  the information required for the 
synthesis of haemoglobin can be transferred from one 
cell to another by means of RNA. In  fact, the synthesis 
in E. coli of a protein resembling normal rabbit  haemo- 
globin has been observed when ribosomal-RNA of rabbi t  
reticulocytes and E. coli have been reacted 5. On the 
other hand, RNA extracted from the erythropoietic cells 
of subjects suffering from sickle cell anaemia has been 
shown to be capable of causing in vitro the synthesis of 
pathological haemoglobin in the megaloblasts and the 
normal reticulocytes e. 

The possession of this valuable information induced us 
to s tudy the possibility of producing in vivo the synthesis 
of adult  haemoglobin in the erythropeietic cells of sub- 
jects affected with Cooley's disease, by means of RNA 
extracted from normal haemopoietic cells. Obviously, by  
extracting RNA from human bone marrow it is impossible 
to obtain only RIgA of the erythropoietic cell line. In  the 
experiment here described, therefore, the RNA used was 
tha t  produced in all haemopoietic cells; only a certain 
par t  of it  therefore possessed the information necessary 
for the normal haemoglobin formation. 

Methods. The haemopoietic tissue was obtained, by a 
sternal puncture, from twenty  normal adult  voIunteers. 
After isolation of the cells, the RNA was extracted by the 
method described by  G~ORGI~V and MA~TIEVAL I n  the 
experiment the nuclear RNA II,  corresponding in base 
ratio and turnover  rate to the type of messenger-RNA, 
was used. 2 mg of this RIGA, dissolved in phosphate- 
buffered saline, were injected into the medullary cavity 
of the s ternum of two children affected with Cooley's 
disease. Before the injection and 48 h aftelavards the 
physico-chemical characteristics of the haemoglobin pres- 
ent in the erythropoietic cells of the s ternum were deter- 
mined. The second medullary biopsy was effected in the 
same region where the RIgA was injected. The haemo- 

globin was analysed by  means of starch-block electro- 
phoresis s, 9 and by the method of alkali denaturat ion t0 

Results. In  the haemoglobin of the two patients,  the  
percentage of H b F  (foetal haemoglobin) was predomi- 
nant .  Because of this the separation of HbA (rapid adult  
haemoglobin) from H b F  was impossible using starch- 
block electrophoresis: in fact only one component occupy- 
ing the position of H b F  was present (Figure 1). The 
fraction of slow adult  haemoglobin (HbA r) was absent. 
Only. by  measuring the sensitivity to alkalis was i t  pos- 
sible to determine, by  the difference, the percentage of 
HbA present in the specimens under  observation. The 
percentages observed were as follows: Patient 7 -  H b F  
86.51, HbA 13.49;-Patient 2 - H b F  95.30, HbA 4.70. 
Both cases were, therefore, typical  for Cooley's disease. 
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Fig. 1. Electrophoretic diagrams of the Hb extracted from the 
erythropoietic cells of two patients affected with Cooley's disease. 
For purposes of comparison, an electrophoretic diagram of Hb of a 

normal adult is also reproduced. 
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Fol lowing the  inject ion of R N A  into the  mar row c a v i t y  
of the  s ternum,  the e lect rophoret ic  d iagrams revealed  an 
a symmet r i ca l  main  componen t  (Figure 2). The  base of 
th is  componen t  was subs tan t ia l ly  H b A ,  b u t  t he  upper  
pa r t  tended towards  the  region of stow Hb.  This  was  
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Fig. 2. Electrophoretic diagrams of the Hb extracted from the 
erythropoietic cells of two patients suffering from Cooley's disease 
after the introduction of RNA into the marrow cavity of the sternum, 

because the  percentage  of H b F  in t he  solut ion was still 
high, and on account  of its slow m o v e m e n t  caused a trail  
phenomenon  on the  s tarch-block.  I n  the  second examina-  
t ion  a c o m p o n e n t  of H b A  fl s imi lar  to  t h a t  of the  normal  
adul t  was also present .  The  d iv ided  q u a n t i t a t i v e  deter- 
mina t ion  of H b  gave  the  fol lowing results : Patient 7 - PIbF 
16.90, H b A f l  1.50, H b A  81.60; Patient 2 - H b F  22.80, 
H b A f l  2.30, H b A  74.90. 

The  expe r imen t  therefore  demons t r a t ed  t h a t  by  inject-  
ing into the  mar row cav i ty  R N A  possessing the  informa-  
t ion necessary for the  normal  haemoglob in  format ion,  it 
is possible to ob ta in  a no tab le  increase in t he  q u o t a  of 
H b A  in t he  e ry thropoie t ic  cells of pa t i en t s  affected wi th  
Cooley 's  disease. 

Riassunto. L' in t roduz ione  nel la  cav i t£  midol lare  dello 
s terno di  sogget t i  af fe t t i  da  morbo  di  Cooley di  A R N  I I  ° 
e s t r a t to  dalle cellule emopoie t iche  normali ,  p rovoca  un 
ne t to  aumen to  della quo ta  di H b A  nelle cellule del la  serie 
er i t roblast ica.  
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PRO EXPERIMENTIS 

E i n e  A n l a g e  z u r  P e r f u s i o n  i s o l i e r t e r  O r g a n e  

Die  Perfus ion  isolierter  Organe  1-5 h a t  sich als wef t -  
volle  Methodik  erwiesen, u m  b e s t i m m t e  Le is tungen  dieser  
Organe  in e inem mSglichst  physiologischen Zus tand  zu 
erfassen. Die Funk t i onen  laufen wAhrend einiger  Zeit  m i t  
befr iedigender  Geschwindigkei t  oder  In tens i t~ t  ab, ohne  
v o n  anderen  Organsys t emen  beeinf lusst  zu werden.  Dabe i  
ist  die S t ruk tu r  im Gegensatz  zu Gewebsschni t ten  oder  
H o m o g e n a t e n  in tak t .  

T r o t z d e m  sind die klassischen Per fus ionssys teme m i t  
einem Kreislau[ m i t  Nach te i l en  behaf te t .  Da  die zu Beginn 
des Expe r imen te s  ve rwende te  Perfusionsl6sung n ich t  
ohne weiteres  q u a n t i t a t i v  durch  eine andere  erse tz t  wer- 
den kann,  Ergeben sich rasch Grenzen in der  exper imen-  
te l ten Anwendbarke i t .  

(1) So ist  zum Beispiel  die Streubreite der  Resu l t a t e  
recht  gross n und  spiegelt  die S t reubre i te  der  Resu l t a t e  
wieder,  die mi t  gleicher B e s t i m m u n g s m e t h o d i k  an  in tak-  
t e n  Ganzt ie ren  erhoben worden  sind. Es  ware  deshalb  
vor te i lhaf t ,  Vergleichswerte v o n  einem Organ  aus einem 
Experiment zu erhal ten.  Das  ist  theore t i sch  m6glich,  da  
die Geschwindigkei t  von  Stoffwechselvorggngen zu Be- 
ginn der E x p e r i m e n t e  kons t an t  ist. 

(2) Perfus ionsanlagen m i t  einem Kreis lauf  ges t a t t en  
nicht ,  die ReversibiIittit verschiedens ter  Einflt isse a m  per- 
fundie r ten  Organ  zu s tudieren.  

(3) (< Short pulse Iabelling,)-Experimente k6nnen  am per- 
fundie r ten  Organ  nur  un te r  unphysiologischen Be-  
d ingungen durchgef i ihr t  werden.  Die Methodik  des , sho r t  
pulse labelling,~ bes teh t  darin,  biologische Mater ia l ien  
kurze Zeit einer be s t immten  mark ie r t en  Verb indung  aus- 
zusetzen.  Diese mark ie r t e  Verb indung  oder  ihre U m w a n d -  

h n g s p r o d u k t e  I inden sich dann dort ,  wo die Stoffwechsel-  
ak t iv i t t i t  in Bezug  auf  die Gruppe  dieser Verb indungen  
a m  ht}chsten ist, zum Beispiel  in einer  F r a k t l o n  z. V~Zird 
die  mark ie r t e  Verb indung  nach kurzer  Zei t  aus dem 
Sys tem ent fernt ,  so erscheint  nur  die F rak t i on  z markier t ,  
w~hrend die mark ie r te  Verb indung  in der  kurzen  Zei t  nur  
ger inggradig  in weniger  ak t ive  Stoffwechselwege einge- 
schleust  wird.  D a m i t  kann  das Schicksat  der  allein mar -  
k ie r ten  F rak t i on  z fiber verschiedene  Zei ten nach  Weg-  
n a h m e  des Vorltiufers ver fo lg t  werden.  

I n  der P rax i s  ltLsst sich indessen eine mark ie r t e  Ver- 
b indung  nicht  m e h r  ohne  wei teres  aus e inem biologischen 
Sys t em entfernen.  Man h a t  sich deshalb  m i t  I so topen-  
ve rd f innungsmethoden  beholfen.  Dieses Vorgehen  ist  
selbstverst t indl ich nicht  physiologisch,  da  das biologische 
Ob jek t  pl6tzl ich m i t  grossen Mengen der  n icht  mark ie r t en  
Verb indung  i ibe r schwemmt  werden  muss. 

Beschreibung der Apparatur. Bei  dem hier  zu beschrei-  
benden  Perfus ionssys tem hande l t  es sich um eine Wei te r -  
en twick lung  des yon  JEUNET und QUIRT 5 besehr iebenen 
Appara tes .  Es  soil die eben  erwt thnten Nachte i le  i~lterer 
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