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Radioprotective Effect of Hydrocortison and 
Prednisolon on the Vicia ]aba equina 

Do corticosteroids have a protective effect against X- 
rays ? This problem, which we consider to be of great 
theoretical and practical value, has not  been studied 
sufficiently. 

All our a t tempts  ~ to demonstrate the existence of a 
protective effect of corticosteroids in guinea-pigs, by 
employing various corticosteroids, administrat ing them 
m different ways and using several tests (depilation test, 
acanthosis test) 2,8, were in vein. In  contrast to this, with 
the plant  Vicia ]aba equina ~-~, employing JONGLING'S 
test s which consists of observing the appearance and 
development of the secondary roots after application of 
X-rays, we were able to demonstrate tha t  the hemisuc- 
cinate of hydrocortison had a very distinct protective 
effect against X-rays. We have also shown that  this 
protective effect was not  due to the succinate part, since 
the succinate of sodium has a very minimal protective 
effect. 

To test whether other corticosteroids also had a pro- 
tective effect on V. ]aba equina, we slightly modified 
our experimental procedure in order to s tudy the effect 
of prednisolon (as hemisuccinate) and compare it with 
that  of hydrocortison. After germination in water, the 
shoots presenting a primary root of about  2 cm are placed 
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in contact with 0.001 molar solutions of these corticoste- 
roids for 3 days (solution renewed twice within 24 h) and 
subsequently exposed tO an X-ray dose of 250 1~ (app. 
Therapix C 100 - 55 kV, 5 mA, filter 0.78 m m  A1, FSO 
30 cm, loc, ~ 12 cm, irradiation time = 4 min 12 sec), 
and then replaced in water. The appearance and develop- 
ment  of secondary roots is then observed for 30 days. 
The results are compared with controls, untreated and 
non-irradiated plants on the one hand and with plants 
having received 250 R without further t rea tment  on the 
other. 

Figure 1 (1) confirms the protective effect of hydro- 
cortison in these new experimental conditions. (2) I t  
shows tha t  ~n an equimolecular concentration (0.001 M), 
prednisolon, which differs from hydrocortison only by the 
loss of 2 hydrogen atoms replaced by  a double bond, has 
a protective effect which is superior to tha t  of hydro- 
cortison. 

Figure 2 shows tha t  in a 4-times higher concentration 
(0.004M), hydrocortison has approximately the same 
protective effect as prednisolon in a concentration 4-times 
lower (0.001M). 

I t  seems that  this effect corresponds to the therapeutic 
effect of these corticosteroids, prednisolon being about  
4-5 times more active than  hydrocortison (tablets of 
hydrocortison dosed at  20 mg and those of prednisolon 
a t  5 rag). We consider it  important  to underline this 
parallelism L 

Rdsumd. Avec le Vieia ]aba test, nous avons pu d6- 
montrer  l'effet radioprotecteur de l 'hydrocortisone et de 
la prednisolone. L'effet radioprotecteur de la prednisolone 
est grosso modo, 4 lois plus important  que celui de 
l 'hydrocortisone. 
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Mitochondria~ Swell ing Induced by Diphtheria 
Toxin in vivo: A Comparison with the Action of 

some other Bacterial Toxins  

In  some recent papers it  has been shown tha t  diphtheria 
toxin induces a mitochondrial swelling in chicken embryo 
heart  cell cultures z and in  other pr imary cell cultures, 
while the mitochondria of some established cell lines, as 
FIeLa cells and RC 37 cells, are unaffected ~. This swelling 
is prevented by  ant i toxin s and by some blocking agents 
of the respiratory chain as KCN, NaN 8 and Amytal.  A 

complete reversal effect, within certain limits, is promoted 
by  ATP and seroalbumin s. 

These findings support  the assumption tha t  the mito- 
chondrial swelling induced by diptheria toxin in vivo is 
due to toxin per se and is an active, electron transport  
dependent  swelling 8 
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Mitochondrial swelling Cytopathic effect 

Toxin Concentration 5" 15' 30" 5" 15' 30' Observations 

Diphtheria 1 Lf/ml + + + + + none none none 

5 Lf/ml + + + + + + + + none none none 

Tetanus 1 Lf]ml . . . . . .  none none none 

5 Lflml . . . . . .  none none none 

O-streptolysin 0.01 H.U./ml . . . . . .  none none none 

0,1 H.U./ml . . . . . .  none + + +  

¢¢-staphylotoxin 0.5 MLD/ml . . . . . .  + + + +  + + + +  

2.5 MLD/ml . . . . . .  + +  + + + +  + + + +  

+ Thickened mitochondria 
+ +  = Swollen mitochondria 

+ + + - Swollen mitochondria 
with differences in 
optical density 

None 

+]+  + = Cytoplasmic coartation 

+ / +  + + + = Cytoplasmic vacuolation 

D i p h t h e r i a  t o x i n  causes  a m i t o c h o n d r i a l  swel l ing in  t h e  
l iver  cells of i n t o x i c a t e d  guinea-p ig ,  a n d  some  o t h e r  
bac t e r i a l  t o x i n s  such  as  t e t a n u s  t o x i n  a n d  P y o c i a n e u s  
tox in ,  i n d u c e  t h e  m i t o c h o n d r i a  of r a t  l iver  to  swell  4. I n  
o rder  to  g a t h e r  f u r t h e r  i n f o r m a t i o n  on  t h e  a c t i o n  of 
d i p h t h e r i a  t o x i n  on  t h e  m i t o c h o n d r i a  of l iv ing  cells, i t  
s eemed  of i n t e r e s t  to  t e s t  w h e t h e r  some b a c t e r i a l  tox ins ,  
such  as  t e t a n u s  tox in ,  O- s t r ep to ly s in  a n d  ~-s taphy lo-  
tox in ,  wou ld  p r o v o k e  a m i t o c h o n d r i a l  swell ing.  

Mater ia l s  and  ~nethods. Celt cultures. Chicken  e m b r y o  
h e a r t  cell  cu l t u r e s  were  o b t a i n e d  f rom 6-day-o ld  c h i c k  
e m b r y o s  as  p rev ious ly  desc r ibed  x,~. 

T h e  cells were  g rown  in H a n k s '  B S S  c o n t a i n i n g  5% of 
f resh  i n a c t i v a t e d  calf s e r u m  a n d  0 .5% of l a c t a l b u r n i n  
h y d r o l y s a t e  (Nu t r i t i ona l  B iochemica l  Corpora t ion)  in  
R o s E ' s  c h a m b e r s .  

Bacterial  toxins. H i g h l y  pur i f i ed  d i p h t h e r i a  t o x i n  (Lilly, 
Lot .  00087, c o n t a i n i n g  1120 Lf /mt) ,  h igh ly  pur i f i ed  
t e t a n u s  t o x i n  (Lilly, Lot .  0780, c o n t a i n i n g  960 Lf /ml) ,  
x - s t a p h y l o t o x i n  (I .S.M., o b t a i n e d  f rom W o o d  46 s t a p h y -  
lococcus s t r a i n  a n d  c o n t a i n i n g  30 M L D / m l  for  r a b b i t )  a n d  
O- s t r ep to ly s in  (Difco, Lot .  488100) c o n t a i n i n g  2 H . U . / m l  
were  used. All  these  t o x i n s  were  d i lu t ed  in  H a n k s '  B S S  to  
o b t a i n  t h e  f ina l  c o n c e n t r a t i o n s  (Table) .  T h e  f ina l  p H  of 
t o x i n s '  d i lu t ions ,  a d j u s t e d  w i t h  N a O H  or HC1 if necessary ,  
was  7.3. D i p h t h e r i a  t o x i n  a n d  t e t a n u s  t o x i n  were  exhau s -  
t i ve ly  dya l ized  aga in s t  H a n k s '  B S S  to  e l im ina t e  t h e  pres-  
e r v a t i v e  (mer th io l a t e ) .  

Exper iments .  Af te r  18-22 h of i n c u b a t i o n  t h e  n u t r i e n t  
m e d i u m  was  e l i m i n a t e d  f rom t h e  R o s E ' s  c h a m b e r s  a n d  
s u b s t i t u t e d  w i t h  1 ml  of t o x i n  d i lu t ion .  T h e  R o s E ' s  
c h a m b e r s  were  t h e n  p laced  u n d e r  a Le i t z  O r t h o l u x  phase -  
c o n t r a s t  mic roscope  e q u i p p e d  w i t h  a t h e r m o r e g u l a t e d  
b o x  (37 °C) a n d  t h e  cells were  c o n t i n u o u s l y  o b s e r v e d  for  
a pe r iod  of 30 ra in .  T h e  co n t ro l  cu l tu re s  were  t r e a t e d  in 
t h e  s ame  m a n n e r  b u t  t h e  n u t r i e n t  m e d i u m  was  sub-  
s t i t u t e d  w i t h  1 m l  of p l a i n  H a n k s '  B S S .  

Results .  T h e  effect  of t o x i n s  o n  t h e  m i t o c h o n d r i a  of 
ch i ck en  e m b r y o  h e a r t  cells c u l t u r e d  in  v i t r o  a n d  t h e  cy to-  
p a t h i c  ef fec t  are  s u m m a r i z e d  in  t h e  Tab le .  

D i p h t h e r i a  tox in ,  as p r ev ious ly  not iced ,  causes  a re- 
m a r k a b l e  m i t o c h o n d r i a l  swell ing b u t  does  n o t  i nduce  a n y  
c y t o p a t h i c  ef fec t  in  t he se  cells, a t  t h i s  c o n c e n t r a t i o n ,  
w i t h i n  30 m i n  f r o m  t o x i n  a d d i t i o n  (Figure  2). T h e  cells 
t r e a t e d  w i t h  t e t a n u s  t o x i n  do n o t  e x h i b i t  m i t o c h o n d r i a l  
swell ing or  a n y  c y t o p a t h i c  ef fec t  (F igure  1). O - s t r e p t o l y s i n  

4 D. NEUBERT and H. J. MERKER, Proc 2nd Int. Pharmae. Meet. 
Prague (1963}. 

Fig. 1. Chicken embryo heart cell treated with tetanus toxin (5 Lf/ml 
for 30 rain). Several filamentous mitochondria (fin) are visible, 

Phase-contrast microscope. About × 1000. 

Fig. 2. Diphtheria toxin treated cell (5 Lf/ml for 15 min). sin, swollen 
mitochondria with differences in their optical density. Phase-contrast 

microscope. About × 1000. 
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does no t  cause swell ing b u t  a cy topa th i c  effect,  as sl ight  
cy toplasmic  coar t a t ion ,  can  be  observed.  

~ - s t aphy lo tox in - t r ea ted  cells show a precocious and  
progress ive  cy top lasmic  vacuo la t ion  (Figure  3). I n  these  
cells the  mi tochond r i a  are  n o t  induced to swell b u t  a 
mi tochondr ia l  f r agmen ta t ion  is of ten  observable .  I n  t he  
control  cul tures  any  cy topa th ic  effect  or  mi tochondr ia l  
change occur.  

Discussion. The effect  of d iph the r i a  tox in  is comparab le  
to t h a t  p r ev ious ly  ob ta ined  in this l abora to ry  1-8 

O-s t repto lys in  and  a - s t aphy lo tox in  do no t  induce  mi to -  
chondr ia i  changes  a t  these  concent ra t ions ,  b u t  cause a 
cy topa th ic  effect.  This  f inding e l iminates  t h e  doub t  t h a t  
the  nega t ive  results  concerning the  m i tochond r i a  are  due 
to a lack of pene t r a t i on  of these toxins  in to  the  cell. The  
cy topa th ic  effect  induced by  these  tox ins  is comparab le  

to  t h a t  descr ibed e l s ewheren -L  Te tanus  tox in  does no t  
induce  any  morphologica l  change  in t h e  mi tochondr i a  b u t  
t he  lack  of a cy topa th i c  effect  ~ does n o t  a l low t h e  con- 
clusion t h a t  t he  tox in  pene t ra tes  in to  t he  cells. On  t h e  
o ther  hand,  a mi tochondr i a l  swelling in the  l iver  cells of 
t e t anus  tox in  t r ea ted  ra ts  is descr ibed ~, while  in mice 
t r ea ted  wi th  t r i t i a ted  t e t anus  tox in  the  up t ake  of label led 
toxin  by  the  neurones  is on ly  occasional ly  r epor t ed  s. 

I n  our  exper iments ,  nevertheless ,  the  cells were  ent i re ly  
sur rounded  b y  the  solut ion con ta in ing  t e t anus  toxin,  
and i t  is p robab le  t h a t  i t  reached  the  mi tochondr i a  in t h e  
cy top l a sm and  t h a t  t e t anus  tox in  was then  depr ived  of 
swelling proper t ies  in r i v e  9. 

t~iassunto. In  precedent i  lavor i  ~ s t a t e  s tud ia to  il r igon- 
f i amento  causa to  dal la  tossina dif ter ica  nei  mi tocondr i  
di  cellule co l t iva te  in v i t ro .  Si .~ f a t t o  un  conf ron to  I ra  
l ' az ione  del la  tossina d i f te r ica  e que l la  di  a l t re  tossine 
ba t t e r i che  come  la O-st reptol is ina ,  la  ¢(-stafilotossina e la  
tossina t e t an ica  sui mi toc0ndr i  di  cel lule  di  cuore  di 
embr ione  di pollo co l t iva te  in vi t ro .  Solo la tossina di f ter -  
ica ha  manffes ta to  capac i tg  r igonf iant i  m e n t r e  le a l t re  
tossine, alle dosi usa te  e con ques to  t ipo  di cellule, sono 
apparse  sprovvis te  di ques ta  proprieth.  

F .  PARADISI lo 

Clinic of Infectious Diseazes of the University, 
Napoli (Italy), I0 July  1967. 

Fig. 3. ¢(-Staphylotoxin treated cell (2,5 MLD/ml for 5 rain). Note the 
cytoplasmic vacuolation and rod-like mitochondria (arrows). Phase- 

contrast microscope. About × 1000. 
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Structure Activity Relationships of Compounds 
able to Suppress the Antipolio Action of 

Guanidine 

Previous  work  f rom ,our labora tor ies  and f rom others  
has demons t r a t ed  t h a t  t he  inf luence of guanid ine  on 
pol iovirus  repl ica t ion  is an tagonized  b y  a n u m b e r  of 
compounds ;  2 methyl -donors ,  me th ion ine  and  choline, 
being the  m o s t  ac t ive  ones (LwoFy and  LWOFFI; LODDO 
and SCHIVO ~). 

As a working  hypothesis ,  LWOFF has suggested t h a t  
guanidine  would  interfere  wi th  an  essential  m e t h y l a t i o n  
of a v i ra l  s t ruc tu re  8. However ,  since i t  was found t h a t  the  
guanid ine  effect  is an tagonized  by  ethionine,  by  2 de- 
m e t h y l a t e d  meth ion ine  analogs,  homocys te ine  and  ~- 
ami n obu ty r i c  acid, and by  the  methy l - f ree  chol ine analog 
e t h a n o l a m i n e  4, t he  m e t h y l a t i n g  hypothes i s  was  no longer  
tenable .  

A s t ruc tu re -ac t iv i ty  re la t ionship  of c o m p o u n d s  able to  
suppress guanid ine  effect  is a t t e m p t e d  in this  paper ,  in 
order  to  shed some l ight  on the  m e c h a n i s m  b y  which  
guan id ine  inhibi ts  virus  replicat ion.  

The  techniques  used were  prev ious ly  described in 
deta i l  ~. I n  Tab le  I are  listed, in  decreas ing order  of 
po tency ,  t he  amino  acids found ac t ive  agains t  guanidine.  
I n  Tab le  I I  t h e  inac t ive  ones are  l isted.  As i t  appears  f rom 
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