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ex t rac tab le  in f rac t ion F3. The pellets ob ta ined  f rom 
fract ions  N1, F1, F2 and F3 were s tudied  wi th  the  
e lectron microscope.  For  th is  purpose  t h e y  were f ixed in 
osmium te t roxide ,  dehydra t ed ,  and embedded  in E p o n  
8126. These s teps  were pe r fo rmed  in a small  (0.3 ml) 
plast ic  tube  which  was cent r i fuged every  t ime in a 
Beckm an  Microfuge before each change.  A bare ly  visible 
dark  pellet  was f inal ly ob ta ined  in the  ha rdened  E p o n  a t  
the  b o t t o m  of the  tube.  

Whi le  f ract ion N con ta ined  most ly  nuclei and  cellular 
debris,  which  included some granules,  F1 was the  r iches t  

in granules,  F2 conta ined  far  less and  in f rac t ion F3 only  
occasional  ones were seen. Figure  2 shows a mic rograph  of 
t he  pellets  ob ta ined  in f rac t ion F1. The c o n t a m i n a n t  
mi tochondr i a  and  the  still high pe rcen tage  of hyper -  
tens ive  ac t iv i ty  in the  final  s u p e r n a t a n t  (50%) suggest  
t h a t  the  techniques  of separa t ion  and  p rese rva t ion  of the  
granules mus t  be improved.  There  is evidence,  however ,  
t h a t  (1) a correla t ion exis ts  be tween  the  levels of hyper -  
tens ive  ac t iv i ty  in the  f rac t ions  and the  presence of 
granules in the  respect ive  pellets,  and  (2) the  granule-  
con ta in ing  pellets  release t he  hype r t ens ive  ac t iv i ty  af ter  
osmot ic  shock. The f indings  indica te  t h a t  these  bodies  
con ta in  factors  ac t ive  on ra t  blood pressure.  The ques t ion  
remains  w h e t h e r  the  endothe l ia l  cells of the  ar ter ies  of the  
toad  and the i r  granules p lay  some role in the  blood 
pressure  regulat ion 7, 8. 

Resumen.  Los grgnulos c i toplasm5t icos  de c4Iulas endo- 
teliales de aor ta  de sapo fueron separados  en fracciones 
subcelulares,  ob ten idas  per  cent r i fugacidn diferencial,  de 
homogenados  de esa arteria .  Los sed imen tos  que con- 
t i enen  los gr&nulos, l iberaron factores  h iper tensores  bajo  
el efeeto de un <~shock~> osmdtico.  
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Fig. 2. Above: cytoplasmic granules obtained from aorta homo- 
genates of the toad and recovered in fraction F1. Below: Portion of 
all andothelial cell (EC) of the toad aorta. The nucleus is not visible. 
RC, red blood cell; G, granules; M, mitoehondria; F, filaments. 
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Thymus Stimulation and Cancer Prophylaxis by 

The tumour - inh ib i t i ng  effects  of na t ive  basic p ro te in  
fract ions f rom the  semi-paras i te  p lan t  Viscum album have  
been  repea ted ly  descr ibed 1-4. B o t h  in vi t ro  and in vivo 
s tudies  show cancerostat ic ,  cy tos ta t i c  and toxic act ivi t ies  
i n d e p e n d e n t  of each o ther  and  wi th  ex t remely  low doses 
(down to 10 -15 mol/kg),  as well as h igh immunogen ic  
act iv i ty .  The canceros ta t ic  effect,  however ,  is s t rongly  
d e p e n d e n t  on the  na t ive  s ta te  of the  proteins .  

These f indings suggested an in ter ference  of the  act ive  
componen t s  wi th  the  cellular in format ion  mechan i sm at  
the  nuclear  leveD. We descr ibed recent ly  a s t r ik ing in- 
f luence of some of these  pro te in  componen t s  on R N A  and  
DNA synthesis ,  showing a t r ansc r ip t ion  inhib i t ion  in 

Viscum Proteins 

ascites -s and HeLa-cells ,  as well as in f ibroblas ts  6. In  the  
la t ter ,  however ,  a t  ve ry  low doses, the  p ic ture  shif ted to  a 
200% increase of R N A  synthes is  a t  the  expense  of DNA 
synthes is .  We therefore  a b a n d o n e d  tes t ing  the  m a x i m u m  
to le ra ted  dosis in v ivo and t u rn ed  to inves t iga t ions  in the  
lower dosis range (5-10% of the  LD 50). In  the  p resen t  
pape r  the  t u m o u r  p rophylac t ic  effects of pur i f ied Viscum 
album prote ins  and the i r  s t imula t ing  effect  on t h y m u s  
g rowth  are described.  

Mater ia l  and methods. Selected pro te in  p repa ra t ions  
isolated from canceros ta t ic  f ract ions  of Viscum album 
have  been used. They  correspond wi th  puri f ied s teps  
a l ready  descr ibed elsewhere 7 and to f rac t ions  of them,  
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sepa ra ted  by  free-flow electrophoresis  (VaP 11-device 
according to  HANNIG 8') 9. For  reason of compar ison,  press 
juice p repa ra t ions  of t he  commercia l ly  avai lable  Viscum 
drug I scador  | were  chosen. This  drug  is known  f rom its 
clinical use in cancer  t r e a t m e n t  1~ 

The Compounds were dissolved in physiological  NaC1- 
solut ion unde r  steri le condi t ions  and s tored  a t  2 -4~  
unt i l  used.  Test  an imals  : whi te  male  inbred  'Varese '  mice, 
4 m o n t h s  old, 20 ~ 1 g were used. S t anda rd  die t  w i th  addi-  
t ion of an t ib io t ics  was fed. Appl ica t ion  : s.c., i.m., i.p. and  
i.v. in jec t ions  in t he  tai l  vein  and  in t racard ia l  (i.c.), in each 
case u n d e r  steri le condit ions.  Tumour  imp lan t a t i on :  2 • 
107 asci tes cells (sarcoma 180) per  an imal  s.c. in t he  dorsal  
area, where  a wel l -control lable  solid t u m o u r  develops.  
16 days  a f te r  i m p l a n t a t i o n  the  animals  were killed, the  
t u m o u r s  excised and  weighed.  

Determinat ion  o / t h e  L D  50. The V i scum pro te ins  show 
2 k inds  of tox ic i ty  as a l ready  descr ibed elsewhere 8: ti le 
' typ ica l '  t ox ic i ty  (death  af ter  3-4 days  unde r  ma ra s mu -  
like symptoms)  and  the  ' a typ ica l '  t ox i c i ty  ( immedia te  
d e a t h  by  resp i ra to ry  paralys is  under  ton ic  spasms,  wi th  
far h igher  doses). The l a t t e r  is due to  a non-canceros ta t i c  
s i de - componen t  o1 the  p ro te in  complex  9. 

The LD 50 was de t e rmined  in long- te rm tox ic i ty  tes ts .  
The compa t ib i l i t y  of the  p ro te in  f ract ions  is s t rongly  
d e p e n d e n t  on the  mode of appl ica t ion  (Table I). 

Af ter  s.c. and  i.m. appl ica t ion  at  least  20 t imes  h igher  
doses were to l e ra t ed  t h a n  af ter  appl ica t ions  avoiding the  
l ympha t i c  s y s t em (i.v., i.p., i.c.). For  I scador  | th is  s tr ik-  
ing difference was  no t  found.  In  all cases of s.c. appl icat ion 
of toxic  doses an  encapsula t ion  a t  the  inject ion si te as 
well as connec t ive  t issue-like neoplasms  and local inf lam- 
m a t o r y  react ions  were observed.  Fol lowing i m. applica-  
t ion the  l y m p h - n o d e s  ad jo in ing  the  inject ion site began  
to  swell. 

Determinat ion of the ' therapeutic'  range by  au topsy  da ta ,  
af ter  single doses  of Viscum pro te in  [4514-16-6]. 

(a) High toxic doses (LD 50 and  higher) : Necropsy  was 
pe r fo rmed  10 days  af ter  t r e a t m e n t  and  the  results  com- 
pa red  wi th  those  in contro l  animals .  Liver :  increasing 
anaemia  unt i l  greyish appearance  and  sca t te red  haemor -  
rhage.  S t o mach :  whi te  spot ted ,  wrinkled.  In t e s t ine :  
increasingly haemorrhagie ,  even tua l ly  blood-filled. Thy-  
mus :  increasing f a t t y  degenera t ion  unt i l  decompos i t ion  
and  comple te  d isappearance .  Other  f indings i ndependen t  
of observa t ion  t ime :  pancreas  dried out  and reduced,  

Table I. Toxicity assay (LD 50) of Viscum album fractions in mice 

Code No. of our LD 50 in [zg/mouse (20 g) Type of 
preparations 7 s.c. i.m. i.p. i.v. i.e. toxicity 

3011-16 100 75 1.5 1.5 1.5 typical 
3410-16 100 85 5.0 5.0 5.0 typical 
4510-16 25 20 1.5 1.5 1.5 typical 
4513-16-5 50 50 1.0 1.0 1.0 typical 
4514-16-6 100 50 5.0 5.0 5.0 typical 

For comparison: 1.5 ml 0.6 ml 0.6 ml 0.22 ml 0.25 ml atypical 
Iseador | No. Q-2 �9 

We thank Dr. R. LEROI, Verein ftir Krebsforschung, Arlesheim, for 
kindly giving of samples of Iscador | 
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Table II. Inhibition of transplanted tumours and growth-stimulation of thymus and spleen by i.p. treatment with Viscum album protein 
(Code~-No. 4514-16-6) 

Type of treatment No. of mice Average tumour Necropsy data 
weight (mg) 

Tumour Thymus Spleen 
(normal 22 rag) (normal 85 mg) 

Pre-treatment : 
For 6 days daily 0.5 pig protein. 12 
Tumour cells i.p. on day 6. 14 
Animals killed on day 22 4 

Pre- and post-treatment: 12 
For 22 days daily 0.5 txg protein. 6 
Tumour ceils i.p. on day 6. 6 
Animals killed on day 22 6 

Post-treatment only: 18 
Tumour cells i.p. on day 6. 3 
Then for 16 days daily 0.5 [xg protein. 3 
Animals killed on day 22 3 

3 

15 
15 

Controls : 
Tumour cells injected on day 6. 
Animals killed on day 22 

1104-10 
45-t-5 

None 

110-}-10 
4 0 i 5  
204-5  
1 0 / : 2  

500 
250 
200 
60 
50 

11004-100 
6504-150 

Encapsulated in 40 • 8 110-120 
firm connective 
tissue 

Encapsulated in 50 4- 10 120-140 
firm connective 
tissue 

Encapsulated in 22 -4- 3 t30-160 
firm connective (normal) 
tissue 

Surrounded by 22 -4- 3 
soft connective (normal) 
tissue 

120-140 
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h y p o t r o p h y  of t he  k i d n e y s  to 1/3, spleen reduced  to 1]2; 
hear t ,  lungs, bra in ,  p i t u i t a r y  g l and  no rma l :  

(b) Low toxic doses (LD 50 and  lower) w i t h  decreas ing  
doses these  effects d i s appea r  gradual ly .  Be low 20% of t he  
L D  50 gross a l t e r a t i ons  are no longer  de tec tab le .  

(c) Subtoxic  doses. W i t h  sti l l  lower doses (10 to  5% of 
t he  L D  50, i .v. or i.p.) new effects a p p e a r  a b o u t  6 days  
a f t e r  app l i ca t i on  in form of s t a r t l i ng  reac t ions  of t he  im- 
m u n e  a p p a r a t u s :  200 necropsies  revea led  w i t h o u t  excep-  
t i on :  (1) increase  in spleen size f rom n o r m a l l y  85 • 5 m g  
up to  va lues  b e t w e e n  120 a n d  190 rag;  (2) increase  in 
t h y m u s  size f rom n o r m a l l y  22 =t= 3 m g  up  to  va lues  be-  
t w e e n  30 a n d  60 mg. His to logica l  a n d  cyto logica l  observa-  
t ions  show a s ign i f ican t  hype r p l a s i a  of t h e  t h y m o c y t e s .  
As far  as we know, a d rug  effect  of t h i s  t y p e  ha s  n e v e r  
been  observed .  

"When c o m p a r e d  w i t h  t h e  controls ,  t h e  t r e a t e d  a n i m a l s  
a p p e a r  more  vi ta l .  The  tes tes  are  s t r i k ing ly  t i g h t  and  en- 
larged and  t he  genera l  cond i t ion  is excel lent .  

(d) 'Therapeut ic '  doses. Doses of 10% of t he  LD 50 
were used the re fore  as ' t h e r a p e u t i c '  doses aga ins t  im-  
p l a n t e d  tumours ,  and  appl ied  i.p. once da i ly  on  6 subse-  
q u e n t  days.  

Turnout  inhibi t ion.  120 male  mice of 20 g were  d iv ided  
in to  4 groups  of 10, r espec t ive ly  20 an i m a l s  each, for 2 
s u b s e q u e n t  test-series.  The  t y p e  of t r e a t m e n t  a n d  t he  
co r re spond ing  resu l t s  inc lud ing  d a t a  f rom nec ropsy  are 
seen in Tab le  I I .  

Our  f ind ings  show t h a t  Viscum album pro te ins  exe r t  
a n  i n h i b i t o r y  effect  on  t r a n s p l a n t e d  t u m o u r  ceils. Pro-  
phy iac t i c  in jec t ions  pr ior  to  t r a n s p l a n t a t i o n  of t he  tu-  
rnouts  are the  mos t  efficient.  I n  th i s  case t he  t u m o u r  cells 
e i t he r  grow only  up  to 1 - 1 0 %  of the  we igh t  of t he  con t ro l  
t u rnou t s  or t h e y  are even  en t i re ly  re jected.  W i t h o u t  th i s  
p r e t r e a t m e n t  an  ave rage  of a b o u t  50% g r o w t h  i n h i b i t i o n  
can  be  o b t a i n e d  (as also descr ibed earl ier  1,4). 

S imi lar  effects were not iced  w i t h  the  v i scum press  
ju ice  p r e p a r a t i o n  Iscador |  W i t h  our  p ro te ins  we obvi -  
ously h a v e  the  effect ive c o m p o n e n t s  of those  p r e p a r a t i o n s  
in our  hand .  

The  d a t a  p re sen ted  raise severa l  ques t ions  as to  t he  
m e c h a n i s m  of the  t m n o u r  i n h i b i t i o n  a n d  c o n c o m i t a n t  
t h y m u s  g r o w t h  observed .  Is t he  p r ophy l ac t i c  effect  

aga ins t  t u m o u r  g r o w t h  of these  basic  Viscum pro t e in s  in  
' t h e r a p e u t i c '  doses c o n n e c t e d  w i t h  t h e  obse rved  s t imu la -  
t i on  of t h e  t h y m u s  a n d  t h e  s t r o n g  i m m u n o g e n i c  effect  ? 
F u r t h e r m o r e ,  if a n d  how are  t h e  r epo r t ed  p h e n o m e n a  
assoc ia ted  w i t h  t h e  specific effects  of t h e  Viscum album 
pro te ins  on  R N A  a n d  iDNA synthes is ,  as r e p o r t e d  else- 
where  ~, 6 ? 

I n  v iew of t he  s ignif icance of t he  t h y m u s  for cell- 
m e d i a t e d  i m m u n i t y ,  t h e  t h y m u s  s t i m u l a t i o n  m a y  be  
more  t h a n  a mere  coincidence.  I n t e r d e p e n d e n c e s  of t h i s  
k ind,  l ike regress ion  of t h y m u s  w i t h  t u m o u r  g r o w t h  n ,  en-  
larged t h y m u s  in t u m o u r  r e s i s t a n t  an ima l s  12 as well  as 
increase  ill t u m o u r - s u s c e p t i b i l i t y  of h a m s t e r s  13 or  r a t s  14 
a f t e r  n e o n a t a l  t h y m e c t o m y  h a v e  been  descr ibed.  W e  
should  also l ike to  d r a w  a t t e n t i o n  to t he  poss ib i l i ty  of 
t u m o u r  p r o p h y l a x i s  and  t h e r a p y  b y  immuno log i ca l  
m e t h o d s  as h a s  b e e n  suggested,  e.g. b y  BAUER 15, a n d  
discussed b y  SORKIN 16. 

Zusammenfassung .  Die cance ros t a t i s chen  V i s c u m - P r o -  
t e ine  induz ie ren  im T i e r v e r s u c h  m i t  ge r ings ten  Dosen  
eine P ro l i f e ra t ion  des T h y m u s  u n d  v e r h i n d e r n  p r o p h y l a k -  
t i sch  das  A n g e h e n  y o n  T u m o r e n .  H 6 h e r e  Dosen  zer- 
s tg ren  dagegen  den  ] m m u n a p p a r a t  d u r c h  ~ b e r b e a n -  
s p r u c h u n g  u n d  die T u m o r h e m m u n g  b le ib t  aus.  
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A d r e n e r g i c  I n n e r v a t i o n  of the  D u c t u s  A r t e r i o s u s  

Severa l  fac tors  h a v e  been  imp l i ca t ed  in closure of t h e  
d u c t u s  a r t e r iosus  a t  b i r t h :  s ens i t i v i ty  of t h e  d u c t u s  to  
oxygen  and  vasoac t ive  agents ,  h e m o d y n a m i c  changes  in 
sys temic  and  p u l m o n a r y  c i rcula t ions ,  and  d i rec t  i nne rva -  
t ion  1. Since t he  role of neura l  con t ro l  is especial ly  un-  
cer ta in ,  i t  appea red  wor thwh i l e  to  inves t iga te ,  as a new 
approach ,  t he  ex is tence  and  e x t e n t  of adrenerg ic  i nne rva -  
t ion  in t h e  wal l  of t he  duc tus .  

N e a r - t e r m  fe ta l  l a m b s  were del ivered b y  caesa r i an  sec t ion  
w i t h  t he  p l a c e n t a l  c i rcu la t ion  in tac t .  B r e a t h i n g  of the  
fe tus  was p r e v e n t e d  b y  p lac ing  a r u b b e r  m e m b r a n e  over  
i ts  head.  The  ches t  was  opened  and  t he  d u c t u s  was dissected 
carefully.  I m m e d i a t e l y  a f te r  t he  umbi l i ca l  cord was t ied,  
t he  d u c t u s  a n d  a d j a c e n t  po r t i ons  of t h e  p u l m o n a r y  
t r u n k  and  aor t i c  a rch  were r emoved .  Spec imens  were 
p r e p a r e d  b y  FALCK'S f luorescence h i s t ochemica l  m e t h o d  2. 

Af te r  t r e a t m e n t  w i t h  f o r m a l d e h y d e  gas, adrenerg ic  
ne rve  f ibers  in  t he  wal l  of t he  freeze-dried d u c t u s  exhi-  

of  the  Fe ta l  L a m b  

b i t e d  s t rong  specific f luorescence  a n d  cha rac t e r i s t i c  
var icos i t ies  a t  t h e i r  t e rmina l s .  Nonspeci f ic  au tof luores-  
cence was weak  and  sparse  c o m p a r e d  w i t h  t h a t  of elas- 
t ic  vessels such  as t h e  a d u l t  aor ta .  

I n  a d d i t i o n  to specific f luorescence in t he  p e r i v a s c u l a r  
p lexus  a r o u n d  t he  v a s a  v a s o r u m  of t h e  duc tus ,  n e r v e  
f ibers  w i t h  specific f luorescence were seen in t he  a d v e n t i t i a  
and,  in  large  n u m b e r ,  in  t he  ou t e r  t h i r d  to  ou t e r  ha l f  of 
t he  m e d i a  (Figure).  Specific f luorescence was n o t  seen in 
t he  i nne r  po r t i on  of t he  media .  No apprec iab le  d i f ference  
in t he  dens i t y  of specific f luorescent  f ibers  was  n o t e d  

1 G. S. DAWES, Foetcd and Neonatal Physiology; A Comparative 
Study o] the Changes at Birth (Year Book Medical Publishers Inc., 
Chicago 1968), p. 164. 
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