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The effect of sporofusar in  (a myoctoxin produced by Fusar ium sporot r ichie l la  v. sporotr ichioides)  
on the functional activity and permeabi l i ty  of cell  membranes  of the isolated perfused rat  
l iver  was studied. Sporofusarin in a final concentra t ion of 5.9 �9 10 -5 M was found to reduce 
the ra te  of bile formation,  urea  synthesis ,  and oxygen consumption and also to cause  an e a r -  
l i e r  and severe  dis turbance of permeabi l i ty  of the lysosomal  and p lasma membranes  of the 
hepatocytes (an increase  in activity of the enzymes f l -acetylglucosaminidase,  f l-glucuroni-  
dase,  a ry lsu l fa tases  A and B, and f l -galactosidase in the supernatant of a l iver  homogenate 
and in the perfusion fluid). The depress ion of l iver  function by sporofusar in  is considered to 
be the resul t  of damage to the membraneous  s t ruc tures  of the cell and, in par t icular ,  of the 
lysosomes .  

KEY WORDS: Mycotoxin (sporofusarin);  permeabi l i ty  of membranes ;  lysosomes;  l iver  func- 
tion (bile formation,  urea synthesis).  

Poisoning with sporofusar in  is known to be a basic component of the d isease  known as "al imentary 
toxic aleukia," connected with the consumption as food of grain covered  with snow in the winter  and infected 
with the microscopic  mold Fusar ium sporotr ichiel la .  Despite many investigations of the pathogenesis  of 
sporofusar in  poisoning, the mechanism of action of this highly toxic metaboli te has itself received little 
study [1, 2, 7]. In previous investigations the wr i t e r s  demonstrated the marked injurious action of sporo-  
fusar in  on lysosomal  membranes  [6, 14]. 

The object of the investigation descr ibed below was to study the effect of this poison on the isolated 
perfused l iver.  

E X P E R I M E N T A L  M E T H O D  

Perfusion was ca r r i ed  out with a sys tem consis t ing of a specially made ro l le r  pump with control lable 
output, a bubble oxygenator,  a thermosta t ica l ly  control led chamber  for the isolated liver,  and a measur ing  
unit ( radiometer  ABC-1) permit t ing constant  monitoring of the perfusion condition (Fig. 1). The following 
p a r a m e t e r s  were  maintained: ra te  of perfusion 12-15 ml /min ;  t empera tu re  36.5 • 0.5 ~ C; p r e s s u r e  90-110 
mm water;  pH 7.4 �9 0.5; par t ia l  p r e s s u r e  of oxygen 250 • 50 mm Hg [8, 10]. Hanks '  salt  solution was used 
as the perfusion medium, with the addition of 5% NaHCO 3 (to pH 7.4), bovine albumin (to a final concen t ra -  
tion of 3%), and a mixture  of L-alanine,  L-arginine,  and L-glutamine (in concentrat ions of 30, 1.4, and 0.6 
mg/100 ml respectively),  ensuring sa t i s fac tory  conditions for urea synthesis [9, 16]. The total volume of 
c i rcula t ing perfusion medium was 100 ml. The perfusion fluid was oxygenated with carbogen (95 % O z + 5 % 
C 02), 
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Fig. 1. Block d i ag ram of the sy s t em used for  per fus ion  of isolated ra t  
l iver:  1) the rmos ta t i ca l ly  control led chamber ;  2) col lect ing chamber ;  3) 
oxygenator;  4) perfus ion ro l l e r  pump; 5) moni tor ing  unit (pO2, pH, t e m -  
pe ra tu re ,  p r e s s u r e  in the sys tem) ;  6) the rmos ta t ;  7) r o t ame te r ;  8) m e t e r  
of bile secre t ion.  

Fig. 2. Effect  of sporofusar in  on function of isolated per fused  l iver :  1) 
r a t e  of oxygen consumption;  2) ra te  of u rea  synthesis ;  3) r a t e  of bile f o r -  
mation.  

Exper iments  we re  c a r r i e d  out on m a l e  Wis t a r  r a t s  weighing about 250 g and kept on an ord inary  diet. 
The an imals  w e r e  depr ived of food 24 h before  the exper iment .  The l i ve r  was isolated f rom the ra t  (under 
genera l  e ther  anesthesia)  by the mic rosu rg i ca l  technique of Hems  et al. and L a m b e r t  [11, 12]. After  can-  
nulation of the por ta l  vein and bile duct the isolated l i ve r  was washed out with R inge r ' s  solution at  20 ~ C for  
10 min to r emove  blood, a f t e r  which it  was  connected to the per fus ion  sys t em.  At the end of the per iod of 
adaptation (30 min) 1 ml  physiological  sal ine (control) o r  sporofusar in  solution was injected d i rec t ly  into 
the por ta l  vein of the l iver ,  and the perfus ion was continued a f t e r  an exposure  of 3 min. The final concen-  
t ra t ion  of sporofusa r in  in the perfusion fluid was 5 .9 .10  -s M. Before  the beginning of per fus ion  and 60 and 
90 rain la te r ,  l i ve r  biopsy was c a r r i e d  out by excision of a p iece  of t i s sue  weighing about 100 mg, followed 
by ligation. Meanwhile samples  of per fus ion  fluid (1 ml) w e r e  taken every  15 rain during perfus ion.  

The s ta te  of l ive r  function was a s s e s s e d  f rom the r a t e  of format ion  of bi le  and of u r ea  synthes is  [15] 
and the oxygen consumption.  Samples  of l ive r  w e r e  homogenized under  s tandard  conditions in 0.25 M suc -  
rose  solution containing 0.001 M EDTA (pH 7.4). In o r d e r  to de t e rmine  nonsedimented enzyme act ivi ty,  
pa r t  of the homogenate  was centr i fuged at 100,000 g for  30 min. 

L ive r  homogenates ,  supernatant ,  and samples  of the per fus ion  fluid were  tes ted for the i r  prote in  con-  
tent and activi ty of five ly sosomal  en~ymds; f l -ace ty lg lucosamidase  (EC 3.2.1.30), f l -glucuronidase (EC 
3.2.1.31), a ry l su l f a t a se s  A and B (EC 3.1.6.1), f l -ga lac tos idase  (EC 3.2.1.23), and f l -glucosidase  (EC 3.2.1.21). 
Activity of these  enzymes  was de te rmined  by spec t rophotomet r ic  mic rome thods  based on the use  of the ul-  
t r a m i c r o s y s t e m  of b iochemica l  ana lys is  developed by Pokrovski i  et a l .  [3-5]. The prote in  content was de -  
t e rmined  by Lowry ' s  method [13]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

It should be c leax  f rom Fig. 2 that changes  in the p a r a m e t e r s  of function of the isolated l i ve r  in the 
control  differed only slightly f r o m  the original  level ,  the oxygen consumption a f t e r  perfus ion fo r  90 min was 
reduced by only 5.1%; the r a t e  of u rea  synthes is  and bile format ion  by 25 and 28.5%, respec t ive ly .  Mean-  
while, sporofusa r in  caused  a sharp  d e c r e a s e  in l i ve r  function. The ra t e  of bile fo rmat ion  15 min a f t e r  in-  
jection of the toxin was reduced by 42.8% and af ter  30 min by 83.9%. By the end of the 60th minute bile 
sec re t ion  had ceased  complete ly .  The ra t e  of u rea  synthes is  also was  sharp ly  d e p r e s s e d  by sporofusa r in  
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T A B L E  1. E f f ec t  of  S p o r o f u s a r i n  on To ta l  and N o n s e d i m e n t e d  A c -  
t i v i ty  of L y s o s o m a l  Enz 'Tmes of I s o l a t e d  P e r f u S e d  Ra t  L i v e r  (mean  
d a t a  f r o m  fou r  to f ive  ex ) e r i m e n t s  

L~[~'acewl" 8-glucoroni- ArxI- . 8-galacto- i~-glucos- 
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Fig .  3. E f f ec t  of s p o r o f u s a r i n  on 
l i b e r a t i o n  of l y s o s o m a l  e n z y m e  of 
i s o l a t e d  l i v e r  in to  p e r f u s i o n  f lu id :  
1) / 3 - a c e t y l g l u c o s a m i d a s e ;  2) /3-~ 
g l u c u r o n i d a s e ;  3) a r y l s u l f a t a s e s  A 
and B; 4) f l - g a l a c t o s i d a s e ;  5) /3-  
g l u c o s / d a s e .  

(by 84 % of i t s  i n i t i a l  l e v e l  60 rain a f t e r  i n j e c t i o n  of the  toxin) .  The  
oxygen  c o n s u m p t i o n  w a s  c o n s i d e r a b l y  r e d u c e d  by  the  end of p e r -  
fus ion  to 58.2% of  i t s  i n i t i a l  l eve l .  

To a s s e s s  the  e f f ec t  of  s p o r o f u s a r i n  on t h e  s t a b i l i t y  of  the  
l y s o s o m a l  m e m b r a n e  the  to ta l  and n o n s e d i m e n t e d  a c t i v i t y  of the  
l y s o s o m a l  e n z y m e s  w a s  d e t e r m i n e d  in the  l i v e r  t i s s u e s .  A s  T a b l e  
1 shows ,  d u r i n g  p e r f u s i o n  of the  i s o l a t e d  l i v e r  no s i g n i f i c a n t  
c h a n g e s  w e r e  o b s e r v e d  in the  to ta l  a c t i v i t y  of the  l y s o s o m a l  e n -  
z y m e s  e x c e p t  f l - g l u c o s i d a s e ,  the  a c t i v i t y  of which  was  r e d u c e d .  
A s  r e g a r d s  n o n s e d i m e n t e d  a c t i v i t y  of the  l y s o s o m a l  e n z y m e s ,  
s p o r o f u s a r i n  c a u s e d  a s h a r p e r  i n c r e a s e  in the  a c t i v i t y  of m o s t  
e n z y m e s  s t u d i e d  in  the  s u p e r n a t e n t ;  d u r i n g  p e r f u s i o n  (90 min) the  
n o n s e d i m e n t e d  a c t i v i t y  of the  l y s o s o m a l  e rmyme  was  1 .5 -2  t i m e s  
h i g h e r  than  the c o n t r o l  l eve l .  T h e  excep t ion  was  m e m b r a n e - b o u n d  
f i - g l u c o s t d a s e ;  a c t i v i t y  of t h i s  e n z y m e  in t he  s u p e r n a t a n t  c o u l d  not  
b e  d e t e c t e d  in e i t h e r  t he  e x p e r i m e n t a l  n o r  t he  c o n t r o l  s e r i e s .  

To s tudy  the  e f fec t  of s p o r o f u s a r i n  on the p e r m e a b i l i t y  of 
the  t i s s u e - b l o o d  b a r r i e r ,  the  a c t i v i t y  of t he  l y s o s o m a l  e n z y m e s  
was  d e t e r m i n e d  in t he  p e r f u s i o n  f lu id  a l s o  (F ig .  3). S p o r o f u s a r i n  
c a u s e d  a much g r e a t e r  and  e a r l i e r  l i b e r a t i o n  of e n z y m e s  f r o m  the 
h e p a t o c y t e s  in to  the  p e r f u s i o n  f luid.  T h e  f l - a c e t y l g l u c o s a m i d a s e  
a c t i v i t y  in the  p e r f u s i o n  f lu id  15 ra in  a f t e r  i n j e c t i o n  of s p o r o f u s a -  
rin was 20 times higher than initially. The increase in activity of 
/3-glucuronidase (by eight times), arylsulfatases A and B (by five 
and one-half times), and /3-galactosidase (three times) during per-  
fusion was rather smaller. No significant change in the activity 
of only the membrane-bound lysosomal enzyme/3-glucosidase was 
found in the perfusion fluid. 

It must be emphasized in particular that the liberation of 
enzymes into the perfusion fluid was observed very soon after the 
injection of sporofusarin, whereas in the control experiments a 
low l e v e l  of e n z y m e  a c t i v i t y  in the  p e r f u s i o n  f lu id  w a s  o b s e r v e d  
only a t  the  end of p e r f u s i o n .  

It c a n  be  c o n c l u d e d  f r o m  the  r e s u l t s  of t h e s e  e x p e r i m e n t s  tha t  the  u s e  of t he  t e c h n i q u e  of the  i s o l a t e d  
p e r f u s e d  r a t  l i v e r  to s tudy  the m e c h a n i s m  of the  toxic  a c t i o n  of p o i s o n s  and,  in p a r t i c u l a r ,  of s p o r o f u s a r i n ,  
p r o v i d e s  a v e r y  c o n v e n i e n t  m o d e l  fo r  r e c o r d i n g  t h e i r  e f fec t  s i m u l t a n e o u s l y  on the  funct ion  of  the  o r g a n  and 
on the  s t a b i l i t y  of the  m e m b r a n e o u s  s t r u c t u r e s  of i t s  c e l l s .  

It h a s  now been  s h o w n  tha t ,  b e s i d e s  i t s  m a r k e d  i n h i b i t o r y  a c t i o n  on the  i n d i c e s  of l i v e r  func t ion  s t ud i ed  
a b o v e  and,  in p a r t i c u l a r ,  on u r e a  s y n t h e s i s  and b i l e  f o r m a t i o n ,  s p o r o f u s a r i n  a l s o  d i s t u r b s  the  p e r m e a b i l i t y  
of both l y s o s o m a l  and p l a s m a  m e m b r a n e s  of the  h e p a t o x y t e s  ( i n c r e a s e d  e n z y m e  a c t i v i t y  in the  s u p e r n a t a n t  
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of the l ive r  homogenate  and in the per fus ion  fluid). It is pa r t i cu l a r ly  in te res t ing  to note that  the act ion of 
sporofusar in  in damaging m e m b r a n e  was mani fes ted  sooner  than i ts  effect on l ive r  function. As a r e su l t  it 
can be postulated that the depress ion  of l i ve r  function by sporofusar in  is the r e su l t  of d i s turbance  of the 
membranous  s t r u c t u r e s  of the ce l l s  and, in pa r t i cu la r ,  of the l y sosomes .  

Finally,  it is impor tant  to emphas ize  that in e x p e r i m e n t s  with the isola ted l i ve r  the harmful  action of 
sporofusar in  on the m e m b r a n e s  was mani fes ted  by the poison in a concentra t ion  (5.9" 10 -5 M) c o m p a r a b l e  
with the min ima l  concentra t ion  used in exper iments  in vi t ro  (1.6- 10 -5 M) and much l e s s  than the calculated 
concentra t ion in the blood of r a t s  following injection of sporofusar in  in a dose  sufficient to induce an acute 
toxic effect in vivo (3.0" 10 -4 Mi. The r e su l t s  thus conf i rm the hypothesis  [6] that injury to the lysosomal  
m e m b r a n e s  by sporo fusa r in  is an impor tant  component  in the m e c h a n i s m  of i ts  toxic action. 
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