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In the course of development of autoimmune disease in NZB mice damage to the liver is ac -  
companied by changes in the s t ruc tura l  component of the microsomal  membrane  and by an 
increase  in the hydrophobic charac te r  of the space surrounding the heme moiety of cyto-  
chrome P-450.  Changes in the spectral  constants of binding of the subst ra tes  with cy to-  
chrome P-450 and a decrease  in the activity of enzymes of the mierosomal  e l e c t r o n - t r a n s -  
port  chain were  observed.  

In mice of the NZB s t ra in  the l iver ,  among other organs ,  is involved in the pathological p rocess  dur -  
ing the development of genetically determined autoimmune disease which follows a course  s imi la r  to that 
of sys temic  lupus erythematosus  in man [6]. Lesions of the l iver of varied sever i ty  have also been ob-  
served in patients with lupus e ry thematosus .  In some case s  the l iver lesion comes to dominate the clinical 
picture of the disease [1]. Accordingly,  NZB mice were used as an original model of the chronic liver 
lesion ar is ing as a resul t  of the developing pathological p rocess .  

Activity of the enzymes of the main e lec t ron- t ranspor t  chain located in membranes  of the endoplas-  
mic ret iculum of the liver cel ls ,  a lesion of which is regarded as of p r i m a r y  importance in cer ta in  toxic 
manifestat ions,  was therefore  investigated. 

The study of this problem is interest ing in connection with the d iscovery  of the general  principles 
governing chronic lesions of the liver of varied cha rac te r ,  and it may shed light on cer ta in  factors  con-  
cerned with the pathogenesis of sys temic  lupus erythematosus  in man. 

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

Mice of s t ra in  NZB of both sexes were used in the experiments  at the age of 10 months,  whenmarked 
signs of the disease are observed in 60% of the animals,  and also at the age of 2 months, when symptoms 
of the disease are completely absent [6]. Mice of l ine C57BL acted as the  control .  

The mic rosomaI  fract ion was isolated f rom the mouse l iver by differential centrifugation [18]. Quan- 
titative est imation of cytochrome P-450 was carr ied  out spect rophotometr ica l ly  [12]. The ethyl isocyanide 
differential spec t ra  of the reduced mic roscomes  [9] were  determined at 2 pH values (8.7 and 6.0) at which 
the ethyl isocyanide components exist mainly in the "455" and "430" s tates .  The spec t ra l  constants of in- 
teract ion between the hydroxylation substra tes  and cytochrome P-450 (Ks) were studied [16]. 

Activity of NADF �9 H2-cytochrome C reductase was determined [13]. The initial velocity of the NADP �9 
H2-cytochrome P-450 reductase  react ion was calculated [5] assuming a coefficient of mi l l imolar  extinction 
of 91 for cytochrome P-450.  The protein concentrat ion was determined by Lowry ' s  method [10]. 
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TABLE 1. Spectral  Constants of Binding of Substrates with Cyto-  
chrome P-450 and Activity of Enzymes of E lec t ron -Transpor t  Chain 
in Liver  Mierosomes  of NZB Mice Aged 2 and 10 Months and of 
C57BL Mice 
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Figo 1. Ratio between intensities of peaks of ethyl isocyanide dif fer-  
ential spec t ra  of reduced cytochrome P-450 at 455 and 430 nm (455/ 
430) during a change in pH in NZB mice aged 2 (I) and 10 (II) months 
and in C57BL mice (III)~ 

Fig. 2. Intensities of 455- and 430-peaks of ethyl isocyanide differen-  
tia[ spec t ra  as a function'of pH in NZB mice aged 2 (I) and 10 (II) 
months and in C57BL mice  (III). 

EXPERIMENTAL RESULTS 

Microscopic investigation revealed diffuse degeneration of the hepatocytes of the NZB mice at the 
age of i0 months. The results of the tests for total proteins ruled out a protein character of the contents 
of the vacuoles and suggested lipid degeneration of the hepatocytes. The connective tissue of the Liver of 
the mice aged I0 months contained more connective-tissue cells than the mice aged 2 months, and they 
formed small groups around the portal tracts and, occasionally, inside the hepatic lobules~ 

The content of cytochrome P-450 in the microsomes of all groups of mice investigated was about the 
same (Table I). 

It is now considered [7] that the spectral properties of cytochrome P-450 are due in many respects 
to its interaction with other components of the membrane, and they may be linked with the hydrophobic 

character of the space surrounding the heine moiety, or they may be determined by the conformation of the 
specific protein which is maintained by hydrophobic interactions~ The work of Imai et al. [8, 9] has shown 
convincingly that the ratio between the two Cope peaks of the ethyl isocyanide spectra of reduced tyro- 
chrome P-450 is connected with the surroundings of the membrane and may be used as an indicator of the 
hydrophobic character of the heme surroundings. 

It will be clear from Fig. 1 that this ratio in NZB mice aged I0 months at pH 7.4 is much higher than 
in mice of the same line aged 2 months and in C57BLmice.  The resul ts  given in Fig. 2 show that at a pH 
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value giving equal absorption of both peaks the ratio between the intensities of each of them and the peak 
of absorption of the CO-difference spectrum of cytochrome reduced by dithionite is about equal. It is con- 
sidered [9] that this may be evidence that the observed change in the ratio 455/430 is probably not due to 
a change in the molar extinction of the ethyl isocyanide components. 

It will be noted in Fig. 2 that the equal absorption of the peaks at 455 and 430 nm in the liver micro- 
somes of NZB mice aged 10 months was observed at a lower pH value. A similar phenomenon has been 
observed [9, 17] in the liver microsomes of rats induced by methylcholanthrene, for which the surroundings 
of the heine were shown to be more hydrophobic than in microsomes of uninduced animals [9]. 

The results suggest that in the course of development of the pathological process in NZB mice defi- 
nite structural changes take place in the liver microsomes and are manifested as an increase in the hydro- 
phobic properties of the membrane in the region of the heine moiety of the cytochrome P-450. 

It is logical to suppose that a change in the hydrophobic interactions of the heine of the cytochrome 
P-450 with its surroundings in the membrane may lead to changes in its affinity for the substrate and, de- 
spite the equal quantity of hemoprotein in all groups of mice investigated, may lead to different levels of 
functional activity. This was confirmed experimentally by an investigation of the binding of substrates of 
the first and second types (hexobarbital and aniline, respectively) with cytochrome P-450. The spectral 
changes on the addition of increasing doses of hexobarbital to the suspension of microsomes were small in 
all groups of mice investigated. In NZB mice aged 2 months and in C57BL mice no clear spectral changes 
could be obtained under these conditions. However, in NZB mice aged 10 months binding was appreciable. 
More intensive spectral changes accompanied the binding of aniline. The value of Ks was greatest in NZB 
mice at the age of 10 months, suggesting lower affinity of cytochrome P-450 for aniline in this group of 
animals (Table I). 

The differences observed in the changes in binding substrates of the first and second types may be 
due to different mechanisms of binding subst ra tes  with the cytochrome P-450 molecule.  Substrates of the 
f irst  type are considered to bind with the hydrophobic protein Site of the cytochrome [2, 14, 16], and during 
an increase in the hydrophobic proper t ies  of the surroundings of the hemoprotein  an increase  in the degree 
of affinity for subst ra tes  of the f i rs t  type can be postulated. The second type of spectra l  changes are  con-  
nected with the formation of fe r r ihemochrome [2, 16]. The increase in Ks for subst ra tes  of the second 
type when the surroundings of the heine are  more  s t rongly hydrophobic is not yet fully understood.  

The mic rosomal  polyenzyme sys tem of the e lectron t ranspor t  chain is known to be membrane-bound 
and to react  p rec ise ly  to changes in the native s t ructure  by a change in activity. Kinetic investigations of 
the activi ty of NADP �9 H2-cytochrome c reductase - t h e  initial site of the main mic rosomal  e lec t ron t r a n s -  
port  c h a i n -  and also of NADP �9 H2-dependent reduction of cytochrome P-450 showed a considerable de-  
c rease  in activity in the liver mic rosomes  of NZB mice at the age of 10 months (Table 1), possibly due to 
cer tain s t ructura l  changes in the membrane.  Taking into account the important  catalytic role of the phos-  
pholipid component in the manifestation of NADP �9 H2-cytochrome P-450 reductase activi ty [11, 15] it is 
logical to suggest a change in the quantitative or  qualitative composit ion of the phospholipids in the m i c r o -  
somes of NZB mice in the course  of autoimmune disease .  

In the context of discussion of these resul ts  it is interest ing to note that during regenerat ion of the 
l iver af ter  part ial  hepatectomy [4] and also in the course  of chronic poisoning of rats  with carbon t e t r a -  
chloride,  when for a long t ime the p rocesses  of degeneration and repai r  run paral le l  to each other,  s t r uc -  
tura l  changes aimed at reducing the unsaturat ion of the fatty acids of the phospholipids playing an impor -  
tant role in the maintenance of the hydrophobic proper t ies  of the microsomal  membrane  [19], take place 
in the mic rosomes  of the l iver.  These changes may evidently play some part  in {ncreasing the res is tance  
of animals to a long and constantly acting toxic factor,  and they may also contribute to the so-cal led p a r a -  
doxical effect of the action of poisons [3]. 

It can be concluded f rom the analysis of these observations and data in the l i terature that the change 
in the s t ruc tura l  organizat ion of the microsomal  membranes  ref lects  adaptation of the cells at the molecu-  
lar  level during chronic exposure to a harmful  factor; this analysis  also emphasizes  the regulatory role of 
natural  membranes  as dynamic,  metabolical ly active formations.  
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