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Procain bewirkte eher eine Steigerung der Transmit ter-  
abgabe, die aber nicht signifikant war. Mit der Beeinflus- 
sung der Noradrenalinabgabe ging eine gleichsinnige Be- 
einflussung der positiv chronotropen Reizwirkung einher 
(Figur), Doch wurde der Frequenzanstieg signifikanl erst 
durch 1 ,5×10-6M Clonidin gehemmt. Die nicht ein- 
gezeichnete positiv inotrope Wirkung wurde analog mo- 
difiziert. Nach 13eendigung der Infusionen und 13miniiti- 
ger Durchstr6mung mit  reiner NtthrlSsung lagen Nor- 
adrenalinabgabe, Frequenz- und Amplitudenanstieg bei 
R 3 wieder im Bereich der unbehandelten Kontrollen. 

Diskussion. Die Reaktionen des isolierten Kaninchen- 
herzens auf elektrische Stimulierung der postgangtionliren 
sympathischen Nerven werden durch 1,5 X 10-SM Procain 
und Tetracain nicht vermindert ,  ebensowenig durch 
1,5× 10-5M Procain, wAhrend sie durch 1,5× 10-SM 
Tetracain fast beseitigt werden. Von Clonidin dagegen, 
das als Infil trations-AnS.sthetikum 1,75 real so stark wie 
Procain ~, damit  abet erheblich schwAcher ist als Tetra- 
cain1°, ist nur der tausendste Teil dieser Konzentration 
erforderlich, 1,5 x 10-SM, um die Noradrenalinabgabe 
bei Sympathikusreizung signifikant zu hemmen. Diese 
Versuche schlJessen nicht aus, dass die peripheren anti- 
adrenergen Wirkungen des Clonidins und des Tetracains 
auf dem gleichen, n/imlich ,lokalantisthetischen~, Mecha- 
nismus beruhen ; ebensowenig kann bisher ausgeschlossen 
werden, dass die Blockade adrenerger Neurone durch 
PropranoloIXX oder durch Guanethidin, Bretytium und 
Verwandte 1~ im Detailmechanismus lokalan~sthetisch 
ist. Die postganglionltren sympathischen Nerven w/~ren 
dann aber gegentiber Clonidin um mehrere Zehnerpoten- 
zen empfindlicher als gegeniiber anderen an sensiblen 
oder motorischen Nerven gleich oder sogar starker wirk- 
samen Lokalan~sthetika; oder Clonidin htttte einen be- 
sonders giinstigen Zugang zu sympathischen Fasern. Die 
Hemmwirkung des Clonidins t r i t t  bei Konzentrationen 
ein, die Kontraktionskraft  und Frequenz nicht ver- 
/tndern; die des Tetracains erst bei einer stark kardio- 
depressiven Konzentration. 

Dass die positiv chronotrope Reizwirkung durch Clo- 
nidin verhS.Itnism/issig weniger beeintr/ichtigt wird als 
die Noradrenalinabgabe, mag dazu beitragen, dass der 
periphere Angriffspunkt des Clonidins meist iibersehen 
wurde. KOBINGER z fand nur eine geringe Abschwiichung 
der durch N. accelerans-Reizung verursachten Frequenz- 
steigerung bei Katzen und keinen Anhaltspunkt fiir eine 
espezifische adrenerge Neuronenblockade~. Neuerdings 

zeigten aber in tJbereinstimmung mi t  unseren Befunden 
SCRIAmNE et al. la, dass beim Hund Clonidin die Herz- 
frequenz durch eine ~vVirkung auf postganglion/~re sym- 
pathische Nerven senkt und die Beschleunigung bei 
Accelerans-l~eizung inhibiert. Blockiert wurde auch die 
elektrisch induzierte Kontraktion und Acetylcholin- 
abgabe des isolierten Meerschweinchen-Ileums ~4. Die 
Hemmung adrenerger und cholinerger Neurone in niedri- 
gen Konzentrationen riickt das Clonidin in pharmakolo- 
gische - wie chemische - N/the zu dem ,adrenergisch- 
cholinergischen Neuronenhemmstoff ,  2-(2,6-Dimethyl- 
phenylamino)-4H-5, 6-dihydro-1, 3-thiazin is, 1~. 

Summary. The influences of clonidine, tetracaine and 
procaine on the effects of electrical st imulation of the 
postganglionic sympathetic  cardiac nerves have been 
compared in the isolated perfused rabbit  heart. Much 
lower concentrations of clonidine than of tetracaine were 
necessary to antagonize the output  of noradrenaline and 
the rise of frequency and contractility. Procaine even in 
the highest concentration tested did not inhibit  the effects 
of nerve stimulation. In addition to its known central 
depression of sympathetic  tone, clonidine exerts a specific 
inhibitory action on postganglionic sympathetic  neurons. 
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T h e  E f f e c t s  of  I n t r a c e r e b r a l l y  A d m i n i s t e r e d  R N A ,  T u b e r c i d i n  and H i s t o n e s  o n  L e a r n i n g  in R a t s  

There is now considerable agreement that  extra- 
cerebrally administered RNA has no effect on learning 
in rodents 1, s No assessment, however, is available as 
to the effect and distribution of intracerebrally adminis- 
tered RNA. This was examined along with possible 
effects of Tubercidin and lysine- and arginine-rich histoue 
fractions on the learning of rats in a shuttle-box avoidance 
situation. 

31alerials and methods. Yeast RNA (Pabst) or I~C-RNA 
(Schwartz) was used us purchased or purified and 
dialyzed according to the method of CRESTFIBLD et al. n. 
Tubercidin (7-deazaadenosine) (TU) was provided by 
Upjohn Pharmaceutical  Company. The lysine- and argi- 
nine-rich histone fractions from calf brain cerebellum 
were prepared, purified, and identified according to 
JOHNS 4. Samples of 14C-RNA from tissues ~ were dissolved 

in NCS reagent (Amersham-Searle) and radioact ivi ty 
determined by liquid scintillation counting. 

Unanesthetized rats received intracerebral (i.e.) injec- 
tions through small capped cannulae implanted at a 
depth of 1 mm into the right cortex 3.5 mm from both 
the sagittal and coronal sutures. The recovery period 
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was  2-4  weeks  a f t e r  i m p l a n t a t i o n  before  c o m m e n c e m e n t  
of expe r imen t s .  In j ec t ion  vo lumes  n o t  exceeding  10 tzl 
were de l ivered  b y  a H a m i l t o n  10 txl syringe.  The in t ra-  
cerebra l  in jec t ions  began  17 h pr ior  to  t he  f i rs t  t r a in ing  
per iod  and  con t inued  dai ly  t h r o u g h o u t  t ra ining.  

150 male  a lbino (Sprague-Dawley)  or L o n g - E v a n s  
hooded  ra t s  were  used. R a t s  were 125 days  old (300 to  
350 g) a t  t he  onse t  of tes t ing.  All an imal s  were  h a n d l e d  
da i ly  for  2 weeks  pr ior  to  t he  in i t ia t ion  of t ra ining.  

A series of 8 e x p e r i m e n t s  ut i l ized a 2 -chamber  wood  
s h u t t l e - b o x  wi th  copper  grid floor. 5 sec a f t e r  the  ini t ia-  
t ion  of t he  cond i t ioned  s t imulus  (l ight in 6 and  aud i to ry  
in t he  final  2) a 0.5 mi l l i ampere  (ma) shock was passed  
t h r o u g h  the  grid on the  s ame  side as the  cond i t ioned  
s t imulus .  An an imal  was c red i ted  wi th  a learned response  
if i t  avo ided  the  shock. L a t e n c y  was  also recorded.  All 
e x p e r i m e n t  were  run  double-b l ind ,  i.e., those  invo lved  
w i t h  in jec t ing  or  t e s t ing  the  an imal s  were  n o t  in fo rmed  
of t h e  subs tances  in jec ted  or t h e  grouping  of t he  animals .  

Statis t ical  analysis .  Resul t s  ob ta ined  f rom the  an im a l s  
for response,  la tency,  and  acquis i t ion  were  ana lyzed  
s ta t i s t ica l ly  by  IBM-7044 digi tal  c o m p u t e r  wi th  a p r o g r a m  
for var iance  analys is  (ANOVA Type  1 design)6. 

Results  and  discussion. Ear l ie r  s tudies  7, s ind ica ted  t h a t  
t h e  label  der ived  f rom *4C-RNA admin i s t e r ed  i.p. or i.v. 
was  no t  i nco rpo ra t ed  in t h e  D N A  or  R N A  f rac t ions  of  
t h e  bra in .  The  e x p e r i m e n t s  w i t h  14C-RNA were  to  t e s t  

t he  e x t e n t  of sp read  and  d i s t r ibu t ion  of i.c. admin i s t e r ed  
RNA,  and  the  d i f ference  in t he  ac tua l  r ad ioac t iv i ty  in 
cerebra l  R N A  fol lowing i.p. and  i.c. inject ions.  The  t i m e  
of sacrifice of our  an imals  co r responded  to  the  schedule  
e mp l o y e d  in behav io ra l  t e s t ing  where  17 h e lapsed b e t w e e n  
in jec t ion  of R N A  and  tes t ing.  Our s tudies  d e mo n s t r a t e d ,  
as t abu la t ed ,  t h a t  r ad ioac t iv i ty  could be recovered  f rom 
all pa r t s  of t he  b ra in  fol lowing i.e. in jec t ion  of yeas t  
~4C-RNA a l though  the re  was  some local izat ion in t h e  
r i gh t  co r t ex  a round  t h e  cannula .  Over  80% of t h e  i.e. 
in jec ted  label  d i sappea red  in 17 h f rom brain.  The  pres-  
ence of labelled nucleot ides  in r a t  b ra in  fol lowing i.e. 
admin i s t r a t i on  of yeas t  x4C-RNA would s u p p o r t  an ac t ive  
cerebra l  degrada t ion  of the  exogenous  RNA.  The a m o u n t  
of unhydro l i zed  yeas t  R N A  remain ing  17 h af ter  in jec t ion  
in t he  ra t  b ra in  could no t  be d e t e r m i n e d  by  the  p re sen t  
m e t h o d s  since the re  is no anMytica l  way  of d i s t inguish ing  
b e t w e e n  t h e  yeas t  a n d  bra in  R N A  in a t i ssue  ex t rac t .  
W e  also found  appea rance  of smal l  a m o u n t s  of label  
in cerebra l  R N A  following i.p. a d mi n i s t r a t i o n  of ~4C- 
RNA.  In  t he  behaviora l  tes t ing,  there  were  no s ta t i s t ica l ly  
s ignif icant  d i f ferences  a m o n g  groups  t r ea t ed  wi th  i.p. 
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Table 1. Recovery of radioactivity from rat brain RNA following i.p. or i.c. administration of yeast I~C-RNA 

Intraperitoneal Intracerebral 

Total DPM/mg Total DPMlmg 
DPM RNA DPM RNA 

Whole brain 15,000 376 19,500 4,862 
(0.05% total (9.9% brain (13.9% total (25% brain 
injected) 1~C in RNA) injected 14C in RNA) 

Cerebellum 2,398 406 1,872 3,173 
Left cortex 3,206 289 2,197 1,979 
Right cortex 3,760 339 7,868 7,088 
Medulla 1,625 185 1,212 1,377 
Subcortical areas ~ 3,559 516 6,300 9,138 

Male albino rats sacrificed 17 h after injection. Ip animals received 50 mg 14C-RNA (2.8 x 10 r dpm). Ic animals received 250 [xg (in 5 ~tl) 
(1.4 x 105 dpm). a Brain remaining after removal of cerebral cortex, cerebellum, and medulla. 

Table II. Effect of i.c. histone and Tubereidin on performance in a shuttle box 

Stimtflus No. of animals Intracerebral injection Average avoidance Latency 
resp. ± S.D. resp. 

:~c S.D. 

Visual 10 Lysine-rich histone (100 ~xg) 7.0 ::t: 4.3 4.5 ~ 1.2 
8 Tubercidin (2.5 [xg) 3.6 ± 2.1 5.9 i 2.6 
8 Saline 4.3 :t: 4.3 5.4 -t- 1.3 

Visual 12 Lysine-rich histone (100 ~xg) 5.1 f 3.5 5.1 =t= 0.9 
12 Saline 4.3 ± 3.7 5.1-4- 0.9 

Auditory 13 Arginine-rieh histone (100 [xg) 8.8 if: 2.6 4.9 ± 0.9 
I3 Albumin 9.4 =}= 3.2 3.6 q- 1.1 
13 Saline 9.6 ::L 2.2 3.8 4- 0.7 

Auditory 12 Lysine-rich histone (100 [xg) 7.9 -t- 3.5 4.2 ± 1.1 
12 Arginine-rieh histone (100 b~g) 8.5 :[: 3.4 3.9 i 1.0 
12 Saline 8.4 ± 2.8 4.9 =k 1.0 

Male hooded rats. None of the differences are statistically siglfificant. 
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or  i.e. R N A ,  h y d r o l y z e d  R N A  or sa l ine  w i t h  respec t  to  
e i t h e r  acqu i s i t i on  or  l a tency .  

Howeve r ,  t he se  e x p e r i m e n t s  w i t h  y e a s t  R N A  would  
shed  no  l i gh t  on  t h e  poss ib le  i n v o l v e m e n t  of R N A  syn-  
thes i s  or  D N A  derepress ion  on  l e a r n i n g  as  some  of t h e  
m o r e  s o p h i s t i c a t e d  theo r i e s  i m p l y  ". S ince  resu l t s  of 
e x p e r i m e n t s  w i t h  severa l  of t h e  a n t i b i o t i c  i nh ib i t o r s  of 
R N A  a n d  D N A  syn thes i s  are  s o m e w h a t  con t rove r s i a l  9, 
a n  a t t e m p t  was  m a d e  to  in f luence  t h e  l ea rn ing  ab i l i ty  
of r a t s  t h r o u g h  i.e. i n j ec t ed  T U  1°. Th i s  a n t i b i o t i c  is a n  
i n h i b i t o r  of DNA,  RNA,  a n d  p r o t e i n  syn thes i s  t h r o u g h  
i ts  i n c o r p o r a t i o n  in p lace  of adenos ine  ix. I n  severa l  
e x p e r i m e n t s  non - tox i c  a m o u n t s  of i.e. T U  did  no t  
a f fec t  t he  l e a rn ing  of a s h u t t l e - b o x  a v o i d a n c e  s i tua t ion .  
A n  e x a m p l e  of t h i s  is i nc luded  in t he  t a b l e  of results ,  
a long  w i t h  those  o b t a i n e d  w i t h  va r ious  h i s t one  f ract ions ,  
Lys ine - r i ch  h i s t one  f r ac t i on  f rom calf  ce rebe l lum was 
i n j e c t e d  i.e. t o  assess if such  a d m i n i s t r a t i o n  would  influ-  
ence,  poss ib ly  t h r o u g h  b i n d i n g  to  DNA,  t h e  syn thes i s  of 
m - R N A .  T h e r e  is ev idence  f rom in  v i t r o  e x p e r i m e n t s  
t h a t  h i s t ones  a re  i n h i b i t o r s  of R N A  syn thes i s .  I t  was  
a s s u m e d  t h a t  t h r o u g h  a m e c h a n i s m  s i m i l a r  to  t h a t  in  
v i t r o  lys ine- r ich  h i s t o n e  m a y  in te r fe re  w i t h  t h e  in v ivo  
s y n t h e s i s  of p ro t e in  necessa ry  for  l e a rn ing  w i t h  t he  
r e s u l t a n t  changes  in  a cqu i s i t i on  a n d / o r  l a tency .  

I.c. i n j ec t ion  of a rg in ine - r i ch  h i s t ones  a n d  b o v i n e  
s e r u m  a l b u m i n  se rved  as con t ro l s  in  2 g roups  of rats .  
P ro longed  a d m i n i s t r a t i o n  of e i t h e r  h i s t o n e  f rac t ions  or 
b o v i n e  s e rum a l b u m i n  d id  no t  p roduce  a n y  toxic  side 
effects,  n o r  d id  t h e y  in f luence  t h e  p e r f o r m a n c e  of the  
an imals .  These  resul ts ,  ba sed  on  careful  con t ro l  of exper i -  
m e n t a l  condi t ions ,  con f i rm  those  w ho  re j ec t  t h e  no t ion  
t h a t  a d m i n i s t r a t i o n  of R N A  has  a n y  r e l evance  to  l e a rn ing  
or  m e m o r y  12. 

ZusammenJassung. R N A  aus  Here,  R N A - H y d r o l y s a t ,  
T u b e r c i d i n  u n d  m i t  Lys in  ange re i che r t e s  His ton ,  i.c. ode r  
i.p. in j iz ier t ,  b a t t e n  ke ine  W i r k u n g  au f  die Lernf~thigkei t  
y o n  R a t t e n .  I n t r a c e r e b r a l  in j i z ie r t es  14C-RNA v e r b r e i t e t e  
s ich  sehnel l  f iber  das  ganze  G e h i r n  u n d  v e r s c h w a n d  r e l a t i v  
schnel l  wieder .  N a c h  i.p. I n j e c t i o n  y o n  I4C-RNA k o n n t e  
j e d o c h  e in  ger inger  B e t r a g  y o n  14C i m  ce reb ra l en  R N A  
ge funden  werden .  
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A n t a g o n i s m  of T e r r a m y c i n  on Act ion o f  Bacillus thur ingiens is  'Exotox in '  in Drosophila melanogaster 

The  h e a t - s t a b l e  ' e x o t o x i n '  (ET) p roduced  b y  c e r t a i n  
s e ro types  of Bacillus thuringiensis has  t he  chemica l  n a t u r e  
of a c o m p l i c a t e d  nuc leo t ide ,  wh ich  in a d d i t i o n  to  aden ine ,  
r ibose,  a n d  p h o s p h a t e  l -a  c o n t a i n s  t he  u n u s u a l  con-  
s t i t u e n t s  glucose a n d  a l lomucic  acid 4-°. T he  s u b s t a n c e  
h a s  t h e  molecu la r  w e i g h t  of 755 a n d  ha s  been  n a m e d  
t h u r i n g i e n s i s  A. T h e  co r r e spond ing  ~- lac tone  is n o n t o x i c  
a n d  is ca l led  t h u r i n g i e n s i s  B e. Because  of t h e  chemica l  
n a t u r e  of ET ,  t h e  h y p o t h e s i s  h a d  been  fo rwarded  t h a t  
i t  m i g h t  a c t  as  a n  a n t i m e t a b o l i t e  of t h e  nucle ic  ac id  
m e t a b o l i s m  s . Th i s  h y p o t h e s i s  h a s  s ince  been  ver i f ied  to  
some  e x t e n t  b y  Czech a u t h o r s  w ho  f o u n d  r educed  incor-  
p o r a t i o n  of o ro t ic  acid and  cy t i d ine  i n to  t h e  l iver  R N A  
of mice  7 a n d  i n h i b i t i o n  of D N A - d e p e n d e n t  R N A  poly-  
m e r a s e  in Escherichia coli 8. T h e  fol lowing r e p o r t  of a n  
a n t a g o n i s m  of t e r r a m y c i n  a n d  E T  in Drosophila m a y  
t h r o w  f u r t h e r  l i gh t  on  t h e  m e c h a n i s m  of ac t ion  of E T  
in  a n  insect .  

T h e  t o x i c i t y  of E T  in Drosophila r ea red  on  a yeas t  
free m e d i u m  a n d  t h e  a n t a g o n i s t i c  effect  of y e a s t  a n d  
ce r t a i n  y e a s t  e x t r a c t s  ha s  been  desc r ibed  ear l ier  9,10. Fo r  
tox ico log ica l  d a t a  on  t e r r a m y c i n  a n d  i n f o r m a t i o n  on  t h e  
r ea r i ng  a n d  a s say  m e t h o d  used in t h e  p r e s e n t  work,  t he  
r e a d e r  shou ld  consu l t  a n o t h e r  p a p e r  n.  T e r r a m y c i n  al lows 
c o m p l e t e  s u r v i v a l  of Drosophila on  a m e d i u m  c o n t a i n i n g  
u p  to  250 p p m  of t h e  an t ib io t i c ,  whe reas  c o n c e n t r a t i o n s  
a b o v e  600 p p m  cause  s ign i f i can t  m o r t a l i t y  (LC00---- 
0 .115%).  I n  t h e  p r e s e n t  s t u d y  t h e  c o n c e n t r a t i o n s  of  

t e r r a m y c i n  h a v e  the re fo re  been  re s t r i c t ed  to  200 p p m  or  
less. However ,  even  s u b l e t h a l  c o n c e n t r a t i o n s  of 100 to  
250 p p m  of t e r r a m y c i n  r educe  t h e  r a t e  of l a rva l  g r o w t h  
a n d  de lay  t he  t i m e  of p u p a t i o n  b y  16 to  50%.  The  
in f luence  of t e r r a m y c i n  on  t he  toxic  ac t ion  of E T  was  
i n v e s t i g a t e d  in c o m b i n a t i o n s  where  d i f fe ren t  concen-  
t r a t i o n s  of b o t h  t h e  a n t i b i o t i c  and  E T  were added  to  t h e  
r e a r i n g  m e d i u m  of t h e  larvae,  The  E T  p r e p a r a t i o n  used 
was  a p repur i f i ed  ~ cu l tu re  m e d i u m  of B, thuringiensis 
var. thuringiensis. H o m o l o g i z a t i o n  w i t h  a s a m p l e  of p u r e  
E T  (k ind ly  fu rn i shed  b y  Dr.  R.  P. M. BOND of t h e  
Mi l s t ead  L a b o r a t o r y ,  S i t t i ngbourne ,  E n g l a n d )  i n d i c a t e d  
t h a t  ou r  p r e p a r a t i o n  h a d  a n  E T  c o n c e n t r a t i o n  of 100 p p m .  
T o t a l  m o r t a l i t y  was  recorded  for E T  a lone  a n d  t he  com-  
b ina t ions .  T h e  d a t a  were sub jec t ed  to  p r o b i t  ana lys i s ,  
u s ing  2 c o m p u t e r  p rog rams  la. 

E x c e p t  for  v e r y  low doses, E T  a lone  gave  s t r a i g h t  
d o s e - m o r t a l i t y  cu rves  w i t h  a slope of 4.5 to  5.0, i.e. 
s infi lar  to  l e tha l  doses of t e r r a m y c i n  a lone  11. Cor respond-  
ingly  t he  dose -mor t a l i t y  cu rves  of t h e  c o m b i n a t i o n s  of 
E T  w i t h  t e r r a m y c i n  h a d  t he  same  slope (Figure) .  How-  
ever,  t he  LCs0 va lues  for t h e  c o m b i n a t i o n s  a re  h i g h e r  
t h a n  t he  LCs0 of E T  alone,  i n d i c a t i n g  a n  a n t a g o n i s t i c  
ac t ion  of t he  an t ib io t i c .  

The  a n t a g o n i s t i c  effect  of d i f f e ren t  c o n c e n t r a t i o n s  of  
t e r r a m y c i n  c a n  be  d e t e r m i n e d  if t h e  f a c t o r  of t h e  pa ra l l e l  
d i s p l a c e m e n t  of t h e  curves ,  i.e. t h e  p o t e n c y  (P) is cal-  
cu l a t ed  1., P of E T  a lone  h a v i n g  t h e  v a l u e  of 1, T h e  LC,o 


