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Taking into consideration the experimental results we 
have obtained with DMSO - a product tha t  shows a 
capacity for tissue and cellular diffusion, as well as the 
capacity of modifying the stereoisomery of fa t ty  acids - we 
have now reinforced our previous hypothesis of the lipo- 
peroxide permeabili ty of membrane. 

Zusammen/assung. Es wird gezeigt, dass das DMSO die 
M6glichkeit hat, die cis-cis-Struktur der nnges/~ttigten 
Fetts~iure zu iindern. Diese strukturelle Veriinderung, 

wenn sie in den gesgttigten Fettsituren benachbarten 
Molekiilen stattfindet,  bedingt die I3ildung einer Pore. 
Sic hiingt tiberdies zusammen mit  der Ver~nderung, 
welche die Bildung yon Lipoperoxyden bedingt und ihrer 
m/Sglichen Rolle in der zetlul~ren Permeabilitiit .  
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The Influence of Continuous Irradiation and 
Experimental  Diphtherial  Intoxication upon the 
Origin and Incidence of Non-Speci f ic  Necrotic 

Changes in the Cardiac Muscle 

In the course of our research work, concerning the 
interrelations between continuous irradiation and experi- 
mental  diphtherial intoxication l-a, an interesting phe- 
nomenon in the myocardium has been observed. This 
phenomenon is described in this communication. 

Material and methods. The experiments were performed 
on albino ~Vistar rats of both sexes. The mean body 
weight at  the beginning of experiments was 160 g. 

80 rats were divided into 4 groups. The first group re- 
ceived a relatively small dose of the diphtherial tox in-250  
MLD/150 g body weight. The second group was repre- 
sented by the rats which were only continuously irra- 
diated. In the third group the dose of the diphtherial 
toxin was the same as in the first group, but  the animals 
were pretrcated with continuous irradiation. The rats in 
the fourth group were treated with a massive dose of the 
diphtherial toxin:  1000 MLD/150 g body weight. 

The irradiation was continuous for 23-23~/~ h a day. 
The daily dose was 90 R, total  dose within 25 days 2250 R. 
The animals were kept in special cages in the 7-field in a 
semicircular area around the source of Co*°-type irradia- 
t ion with an act ivi ty  of 45 C. Not a single rat  died in the 
course of irradiation. 

The diphtherial toxin used in this experiment was sub- 
mitted by Biogena, Prague; series HPA, Tk-5-6, t i ter  
115 Lf, 2500 MLD in 1 ml of the stock solution. At the 
end of the first week, after irradiation was finished, all 
rats, both irradiated and non-irradiated, received diph- 
therial toxin intravenously into the right jugular vein. 
From all 80 rats, 40 animals were selected (I0 rats from 
every group) for the evaluation of the myocardial  lesions. 
The animals which died or were sacrificed, were all dis- 
sected and the organs were examined by means of stereo- 
scopic section lens. Organ specimens were fixed in the 
10% neutral formalin, and the cardiac tissue was stained 
using acid fuchsin method. Other organs were stained 
with hematoxylin eosin and sudan I I I .  These results are 
reported elsewhere 1-3. The histological evaluation of the 
myocardial tissue was performed from several sections of 
every organ according to the arbitrary scale 0-3. 

Results. The characteristic feature of the lesions in the 
cardiac muscle was the incidence of minute necroses in 
the myocardial fibres. These necroses were characterized 
by the accumulation of a strongly fuchsinophilic material 
in the myocardial fibres, and in the 3rd and 4th group 
were accompanied by the simultaneous occurrence of 

large foci of infarctoid necroses. The appearance of a 
strongly fuchsinophilic material in the sarcoplasm be- 
tween the myofibrils is the earliest detectable change in 
the necrotizing myocardium. This change usually begins 
in the immediate vicinity of nuclei and then tends to 
spread, so that  larger portions of a muscle fibre are trans- 
formed into a more or less hyaline, strongly fuchsino- 
philic mass. As the lesion progresses further, the nucleus 
becomes indistinct and eventually disappears, while an 
entire segment of the muscle fibre, still sharply delimited 
by sarcolemma and intercalated discs, is completely 
transformed into a fuchsinophilic tube. The fuchsinophilic 
material is characteristic only for the initial stages of 
cardiac lesion. I t  disappears completely from muscle 
fibres which have total ly disintegrated and are in the 
process of being absorbed. Most affected was the cardiac 
tissue in the 4th group, where massive doses of diphtherial 
toxin were administered. The incidence of the lesions was 
slightly reduced in the 3rd group, where the animals 
received relatively small doses of the diphtherial toxin, 
but  were pretreated by continuous irradiation. In the 
second group, where the animals were treated only with 
continuous irradiation, the occurrence of necrotic lesions 
could also be confirmed. Finally, in the first group (small 
dose of the diphtherial toxin) the lesions observed are 
practically unimportant,  considering the fact tha t  some 
small degree of incidence of these lesions may be found 
even in the normal, intact cardiac tissue. The findings are 
summarized in the Table and in Figure 1, and the descrip- 
tion of the necrotic cardiac lesions in the text  is illustrated 
by the appearance of the cardiac tissue, as shown in 
Figures 2 and 3. 

Discussion. If we have to explain the pathogenesis of 
the large, infarctoid foci in the myocardium of our experi- 
mental  rats, then it is necessary to pay at tent ion to the 
simultaneous incidence of these minute, miliary necroses 
in the cardiac tissue. Under these conditions we assume 
the pathogenesis of infarctoid lesions in the myocardium 
as a non-specific stress process, which is initiated by the 
disturbance of the electrolyte metabolism in the isolated 
fibres of the cardiac muscle. This may be caused by the 
direct action of the diphtherial toxin upon the electrolyte 

1 j .  VA~K0, M. PRASLI~ICA, and E. URB/~NEK, Roy, Canad. Biol., 
in press. 

2 J. VA~K0, Eo URB~NEK, M. PRASLI~KA, and O. CnLEBOVSKq, 
Z. inn. Med., in press. 

8 E. URSANEK, J. Vagx0, O, CH~sovsx'~, and M. PRASLI~KA, 
Radiation Res., in press. 



652 Br~ves communications - Kurze Mitteilungen EXIPERllENTIA XXI/ll  

cardiac  me tabo l i sm on the  one hand ,  and  by  the  enhanced  
secre t ion  of t he  autologous  cor t icos teroids  u n d e r  the  in- 
f luence of the  d iph ther ia l  tox in  on the  o the r  hand .  I t  is a 
well known fact  t h a t  the  essent ial  c o m p o n e n t  in the  
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Fig. 1. The incidence of myocardial lesions. 0.5-2 indicates the 
mean values of lesions. I, Small dose of the diphtherial toxin only. 
II, Continuous irradiation only. III, Continuous irradiation and sub- 
sequent diphtherial intoxication with 250 MLD/150 g body weight. 

IV, High dose of the diphtherial tox in-  1000 MLD/100 g - only. 

m e c h a n i s m  of t he  d iph the r i a l  in tox ica t ion  is t he  st imula-  
t ion  of the  h y p o p h y s e a l  and  adrena l  ac t iv i ty  4. Thus,  in 
this  respec t  th is  cardiac  necro t iz ing  process  is ve ry  similar 
to the  pa thogenes i s  of the  e lec t ro ly te  and  s teroid  cardio- 
pa th ies  (ESCN) wi th  necroses  of SELYE and BAJUSZ 6-8. 
The microscopic  evidence  of mil iary,  m i n u t e  necrotic 
lesions was  found  b y  SELYE in all an imals  t r e a t ed  with 
NaHSO3, NaaCO,, sod ium ace ta te  and  sod ium urate,  
desp i te  t he  a lmos t  un i formly  nega t ive  au t o p s y  findings. 
B u t  the  necrot ic  process  d id  no t  proceed fu r the r  unless 
t he  animals  received some cort isol  t r e a t m e n t  (Me-C1- 
COL or F-COL). In  the  ra t s  t r e a t e d  in th is  way,  various 
s t resses  t e n d  to  increase th i s  d i s semina ted  f ibre necrosis 
a n d  t h e y  m a y  even p roduce  large mi l ia ry  necrot ic  loci 
de tec tab le  w i th  the  d issect ing lens. Thus  the  s i tua t ion  is 
ve ry  s imilar  to  the  observed non-specif ic  ac t ion of the 

4 E. TONUTTL Symposium on the Mechanism of Inflammation, 
Montreal (September 1953). 

5 It. SELYE, The Chemical Prevention o/ Cardiac Necroses (The 
Ronald Press Company, New York 1958). 
H. SEI.YF., The Pluricausal Cardiopathies (Charles C. Thomas, 
Springfield 1961). 

7 E. BAJIrSZ, Conditioning Factors for Cardiac Necroses (S. Karger, 
Basel-New York 1963). 

s E. BAjvSZ, Nutritional Aspects o[ Cardiovascular Diseases (Crosby, 
Lockwood and Son Ltd., London 1965). 

Fig. 2. Appearance of fuchsinophilic degeneration in the heart of a 
rat (No. 62}, treated with a high dose of the diphtherial toxin 
(group IV). Fuchsinophitia of the isolated myocardial fibres is re- 
garded as early index of myocardial damage. Acid Fuehsin stain, 

x 550. 

Fig. 3. Necrotic patch in the heart of a rat (No. 5), pretreated with 
continuous irradiation and then subsequently treated with a small 
dose of the diphtherial toxin {250 MLD]150 g). In this stage of 
necrosis, fuchsinophilia in the heart fibres disappears. Hematoxylin- 

eosin, x 135. 
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Myocardial lesions in the rats A-K of the groups I-IV 

Group A B C D E I; G H 1 K Mean S.E, Statistical 
significance 

I, Diphtheria toxin 
(250 MLD[150 g) 1 I 0 0 0 t 0 o 0 1 0.4 0.16 

1I, Irradiation 1 1 1 0 1 I 1 0 2 2 1.0 0.20 0.02 < P < 0.05 

III, Irradiation and diphtheria 
toxin (250 MLD]150 g) 1 2 1 2 I 1 2 I 2 1 1.4 0.16 P < 0.001 

IV, Diphtheria toxin 
(1000 MLD/100 g) 1 1 3 2 3 2 3 2 3 1 2.1 0.28 P < 0.001 

d i p h t h e r i a l  t o x i n  u p o n  t he  m y o c a r d i u m .  I t  is f u r t h e r  
s h o w n  t h a t  c o n t i n u o u s  i r rad ia t ion ,  w h i c h  was p rev ious ly  
admin i s t e r ed ,  sensi t izes  t h e  ca rd iac  t i ssue  for inc idence  
of these  mi l i a ry  f ibre  necroses,  w h i c h  can,  u n d e r  such  
cond i t ions ,  be  el ic i ted b y  m u c h  sma l l e r  doses  of d iph-  
t h e r i a l  t ox in .  T h e  non-spec i f i c i ty  of these  lesions is f u r t h e r  
d o c u m e n t e d  b y  t he  o b s e r v a t i o n  of Zm)ANOV 9, who  h a s  
e s t ab l i shed  t h e  mi l i a ry  fuchs inophi l i c  f ibre  necroses  in 
cases of h y p e r t e n s i v e  disease,  regard less  of t h e  degree of 
c o r o n a r y  a therosc le ros i s  ~0 

Zusammen/assung. Grosse  G a b e n  v o n  D i p h t h e r i e t o x i n  
o h n e  v o r h e r g e h e n d e  c h r o n i s c h e  > , -St rahlung ru fen  viel-  
fache  k le ine  fuchs inoph i l e  N e k r o s e n  in den  F a s e r n  des 
M y o c a r d s  he rvo r .  E i n e  solche ch ron i sche  7 - S t r a h l u n g  sen- 
s ibi l i s ier t  dos  Myoca rd  gegen dos A u f f r e t e n  yon  N e k r o s e n  
v o m  se lben  T y p u s .  D a b e i  e rweisen  s ich k le ine  Dosen  yon  
D i p h t h e r i e t o x i n  als p a t h o g e n  v611ig aus re i chend ,  i n d e m  

sie k te ine  B r e n n p u n k t e  de r  S c h g d i g u n g  b i lden  u n d  H e r d e  
i n f a r k t o i d e r  N e k r o s e n  v e r s c h i e d e n e n  Ausmasses .  
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C a r a c t 6 r i s a t i o n  d e  l a  f l - g a l a c t o s i d a s e  d'Hel ix  
p o m a t i a  p a r  i m m u n o 6 1 e c t r o p h o r 6 s e  

Le  sue diges t i f  &Helix pomatia poss~de une  i m p o r t a n t e  
ac t iv i t6  h y d r o l y s a n t e  g l '6gard  du  lac tose  e t  des  ga lac to -  
sides s y n t h ~ t i q u e s  ~. I1 s e m b l a i t  done  i n t d r e s s a n t  de lui 
a p p l i q u e r  la m 6 t h o d e  de ca rac td r i s a t ion  des  e n z y m e s  pa r  
des  rdac t ions  sp6eif iqnes  apr~s  immuno61ec t rophor~se ,  
Min  de  d d n o m b r e r  e t  de  ca rac t6 r i se r  tes p ro t6 ines  respon-  
sables  de  ce t t e  ac t ion .  

Dons  une  exper ience  p rd l imina i re ,  le suc  d iges t i f  es t  
soumis  ~ u n e  dlect rophor~se  ~ p H  8,6 sur  cellogel ( t a m p o n  
v6 rona l  sodique,  # = 0,05, 90 min ,  20 V/cm,  + 4°C). 
L a  b a n d e  est  ensu i t e  p a r t a g 6 e  l o n g i t u d i n a l e m e n t :  une  
moi t i6  es t  colorde p a r  l ' a m i d o s c h w a r t z  (Figure  1), l ' a u t r e  
es t  d6coup6e en  s e g m e n t s  de  5 m m  de  largeur .  Apr~s  
d lu t ion  de c h a q u e  segmen t ,  l ' a c t iv i t6  h y d r o l y t i q u e  sur  le 
o -n i t rophdny l -~ -n -ga lac tos ide  (ONPG)  es t  dos6e selon la 
t e c h n i q u e  de CONCHIE e t  al. Z Si la complex i td  p ro td ique  
du  suc e n t r a t n e  une  m a u v a i s e  r6so lu t ion  d lec t rophor6-  
t ique ,  t ' a c t iv i td  e n z y m a t i q u e  se r 6 p a r t i t  c e p e n d a n t  en  
t ro i s  pies d i s t i n c t s :  F u n  migre  s e n s i b l e m e n t  c o m m e  les y- 
g lobul ines  du  sdrum,  u n  second plus  61ev6 au  n i v e a u  des  
=2-globulines et  u n  t rois i~me tr~s foible, de m i g r a t i o n  plus  
r ap ide  (Figure  l) .  

L ' O N P G  ne p e u t  6tre  util is6 p o u r  la c a r ac t d r i s a t i o n  
apr~s immuno-d lec t rophor6se ,  car  le n i t r o p h d n o l  l ibdrd 
apr~s  h y d r o l y s e  es t  soluble  e t  diffuse r a p i d e m e n t  "g t r a v e r s  
la g61ose. 
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Fig. 1. l 'lectrophor~se stir ae6tate de cellulose (pH 8,6) du sue digestif 
d'Helix pomatia, Rdvdlation des prot6ines par l'amido-schwartz et 
eourbe de rdpartition de l'activit6 sur I'ONPG aprbs 61eetrophorbse. 
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