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Endotoxins of the Enterobae ter iaceae  and of Haemophilus pe r tuss i s  have no effect on the level of oxi- 
dative phosphorylat ion in the mitochondria of the ra t  l iver.  Injection of these toxins into animals with in- 
c r ea sed  sensit ivity to them (adrenalectomy) likewise did not lower the level of oxidative phosphorylation 
in the l iver .  

Poisoning of animals with diphtheria and staphylococcal exotoxins causes  dissociat ion of respi ra t ion 
and phosphorylat ion in mitoehondria isolated f rom the l iver  of these animals [1, 2], but this is not observed 
during poisoning with dysentery  endotoxin [3]. 

The object of the present  investigation was to determine:  1) whether the absence of effect on oxidative 
phosphorylat ion in the l iver  is also charac te r i s t i c  of other endotoxins, 2) whether the level of oxidative 
phosphorylat ion in the l iver  is modified during poisoning by endotoxins under conditions of increased sens i -  
tivity of the animals to these toxins, and 3) whether the "c lass ica l"  endotoxins differ  in any way f rom the 
endotoxin of Haemophilus per tuss i s  in their  action on oxidative phosphorylat ion in the l iver .  

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

Experiments~were ca r r i ed  out on albino rats  weighing 80-100 g. Poisoning was caused by injection 
of bacter ia l  toxins in near- le thal  or  smal le r  doses.  The products  tested were prepared  by Boivin 's  meth-  
od f rom Escher ichia  eoli (in a dose of 1 mg or  less), Salmonella paratyphi B (0.06 mg or  less), Shigella 
flexneri (1 mg or  less), and H. pe r tuss i s  (0.025 mg; p repared  by T e y s s i e r ' s  method). An increase  in sen-  
sit ivity to the endotoxins was brought about by adrenalectomy,  reducing the minimal lethal doses for  the 
ra t s :  for endotoxines of the Enterobaeter iaceae  by 170-200 t imes  and for H. per tuss i s  by 20 t imes.  The 
products  were  injected 48 h af ter  the operation.  At various t imes af ter  injection of the toxins, the animals 
with obvious signs of poisoning were decapitated. Isolation of the mitochondria  and the conditions of their  
incubation were as descr ibed previously  [3]. Glutamate was used as substrate .  The absorption of oxygen 
and decrease  in inorganic phosphate were  measured  and the oxidative phosphorylation rat io P/O calculated. 
Prote in  of the mitochondria was determined by the biuret  method [5]. 

TAB i~E i .  Resp i ra t ion ,  Phosphorylation, and P / O  Ratio in Liver  
Mitochondria of Control Rats and Rats Poisoned with S. paratyphi 
and E. coli Toxins 

Time after I No. o,f 
State of animal injection of: expts.' aP ao P/o 

toxin 

ontrol.., . . . . . .  

Paratyphoid poisonin~ 

Control ~ . . . . . . . .  
E. eoli poisoning... 

Noter 

1 day 

2--4 h 

1I/2 h 

18 

12 

6 

16 
12 

5 

0,43-+ 0.05 

0,48-+0.10 

0.94-+0.22 

0,73-- + 0. [ l 
0,88-+0,18 

1,06-+ 0.15 

0.22-+ 0,02 

0,23-+ 0.03 

0,38-+ 0,07 

0,37-+ 0.04 
0,39--. 0.05 

0,51-+ 0,07 

In all tables AP and AO are given in # a t o m s / m g  

1.94-+0,13 

2 03- + 0.27 
P>0.05 

2,47-+0.28 
P:0.1 

1.94+-_ 0.20 
2.09-+0.24 

P>0,05 
2,10-----0.27 

P>0.05 

~rotein. 
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TABLE 2. Resp i ra t ion ,  Phosphory la t ion ,  and P / O  Ratio in L i v e r  Mitochondria  
of A d r e n a l e c t o m i z e d  Rats  and of A d r e n a l e c t o m i z e d  Rats  Po i soned  with Pa ra typho id  
and Dysen te ry  Endotoxins 

No. of 
State of an ima l  AP AO P /O  

expts .  

A d r e n a l e c t o m y  
A d r e n a l e c t o m y  + 
pa ra typho id  toxin 

A d r e n a l e c t o m y  
A drena lec  tomy+ 
dysen t e ry  toxin 

8 

8 
II 

ii 

0.62 :~ 0.07 

0.51 :~ 0.06 
0.41 ~ 0.05 

0.52 =~ 0.05 

0.24 :~ 0.01 

0.17 ~: 0.01 

0.29 :~ 0.03 

0.25 4- 0.01 

2.54 �9 0.25 

2.96 =~ 0.21 
1.51 ~: 0.24 

2.04 �9 0.19 

P< 0.2 

P:O.I 

TABLE 3. Resp i ra t ion ,  Phosphory la t ion ,  and P / O R a t i o  in L i v e r  Mitochondria  of Intact  and A d r e n a l e c t o m i z e d  
Contro l  Rats  and Ra ts  Po i soned  with H. }er tuss i s  Endotoxin 

Group of an ima l s  No. of expts .  AP AO P / O  

Control .................... 

Rats receiving sublethal dose of 
H. pertussis endotoxin .......... 

A drenalectomized rats .......... 

Adrenalectomized rats receiving sub- 
lethal dose of H. pertussis toxin... 

12 

12 

6 

0.67 ~= 0.04 

0.84 • 0.04 

0.59 :~ 0.09 

0.65 :~ 0~ 

0.30 * 0.02 

0.34 :E 0.03 

0.22 =~ 0.02 

0.18 ~ 0.02 

2.25 ~ 0.08 

2.62 �9 0.17 
P>  0.1 

2.68 =~ 0.32 
P = 0 . 3  

3.66 =E 0.36 
P < 0.01 

the opera t ion .  At va r ious  t i m e s  a f t e r  in ec t ion of the toxins, the an ima l s  with obvious s igns  of poisoning 
w e r e  decap i ta ted .  I so la t ion  of the mi tochondr ia  and the condi t ions of the i r  incubation were  as  d e s c r i b e d  
p r e v i o u s l y  [3]. Glutamate  was used  as  s u b s t r a t e .  The abso rp t ion  of oxygen and d e c r e a s e  in inorganic  
phosphate  we re  m e a s u r e d  and the oxidat ive  phosphory la t ion  ra t io  (P/O) ca lcu la ted .  P r o t e i n  of the mi to-  
chondr ia  was d e t e r m i n e d  by the b iu re t  method [5]. 

EXPERIMENTAL RESULTS 

Injection of endotoxins of S_: paratyphi and E. coli did not dissociate phosphorylation from respiration 
in mitochondria isolated from the liver of the poisoned animals (Table i). Both phosphorylation and res- 
piration in the mitochondria were higher than the control level; the value of P/O was not lowered. 

Adrenalectomy by itself did not lower the level of oxidative phosphorylation in the liver mitoehondria. 
Injection of paratyphoid and dysentery endotoxins into the adrenalectomized rats 24 and 48 h after the opera- 
tion likewise did not reduce the P/O ratio (Table 2). The intensity of oxidative phospho'rylation was not 
reduced in mitochondria isolated from the liver of the animals after injection of H. pertussis endotoxin, or 
in experiments on adrenalectomized rats receiving H. pertussis toxin (Table 3). 

Poisoning of the animals with exotoxins and endotoxins had different effects on the energy metabolism 
of their liver. Diphtheria and staphylococcal exotoxins caused dissociation of oxidative phosphorylation in 
the liver [i, 2]. Similar results were obtained when the effect of O-streptolysin was studied [4]. In con- 
trast to this, endotoxins (of S. paratyphi and E. coli) had no effect on oxidative phosphorylation in the liver. 
Poisoning with dysentery endotoxin likewise had no dissociating action on oxidative phosphorylation [3]. 

The effect of H. pertussis endotoxin, which in its physical, chemical, and immunologic properties oc- 
cupies an i n t e r m e d i a t e  pos i t ion  between exotoxins  and endotoxins,  on ene rgy  m e t a b o l i s m  in the l i v e r  was 
found to be s i m i l a r  to the ac t ion  of endotoxins of the E n t e r o b a c t e r i a c e a e .  It i s  a noteworthy fact  that 
a d r e n a l e c t o m y  did not r educe  the in tens i ty  of oxidat ive  phosphory la t ion  in the l i v e r  of poisoned an ima l s .  

The m e c h a n i s m s  of the d i s tu rbance  of m e t a b o l i s m  in c a s e s  of poisoning by b a c t e r i a l  endotoxins and 
exotoxins  thus d i f fer  in r e l a t i o n  to t he i r  ac t ion  on oxidat ive phosphory la t ion  in the l i v e r :  exotoxins  cause  
a sha rp  d e c r e a s e  in the level  of oxidat ive  phosphoryla t ion ,  while endotoxins do not r educe  it even if the 
s ens i t i v i t y  of the an ima l s  to the ac t ion of these  b a c t e r i a l  toxins  is  i nc rea sed .  
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