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myocardial ischemia is the first reported observation of 
hepatic ischemia during acute MI. This 60% reduction in 
liver blood flow could result in a marked reduction in 
oxygen availability to the liver and impaired liver function. 
Previously, it has been demonstrated that prolonged hypox- 
ia or ischemia can result in a loss of  liver cellu! ar integrity 13. 
In this regard, Dunn et al. ~4 noted during congestive heart 
failure liver injury is often a complicating factor. However, 
animals experiencing a reduced liver blood flow may be 
able to compensate for the decreased oxygen delivery by 
increasing the extraction of oxygen from the blood. Such 
compensation could mask the effects of an acute reduction 
in liver blood flow. Furthermore, since the clearance of 
many substances by the liver is dependent on blood fl0w 15, 
a significant decreased flow could compromise the clear- 
ance capacity of  the liver, In this regard, Lautt 12 has 
reported that a reduction in hepatic blood flow is accompa- 
nied by a decrease in the removal of substances from the 
blood, Thomson et a116 reported that in clinical situations 
associated with reduced hepatic blood flow, the incidence 
of toxic reactions to lidocaine was increased. 
In summary, myocardial ischemia results in a significant 
reduction in liver blood flow 2 h after coronary artery 
occlusion. This decrease progresses so that total liver blood 
flow is only 40% of initial values at 5 hl The resulting 
ischemia to the liver may contribute to the pathophysiology 
of myocardial ischemia. 
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Summary. Nonspecific myofibrillar changes such as streaming of the Z-line, formation of rod-like structures, satellitosis, 
proliferation of sarcolemmal nuclei and papillary projection of the sarcolemma were recognized as a disorganization of  the 
muscle itself. In addition, fine structural pathology in ALS specimens showed characteristically a pig-tail formation - 
'Zopfformation'- which has been considered to have a neurogenic origin. 

Although amyotrophic lateral sclerosis (ALS) is a systemic 
degenerative disease of unknown etiology, involving motor 
neurons selectively, the possible participation of Ca dysme- 
tabolism in the pathogenetic process of ALS has recently 
beerl indicated 1,2, In relation to this, experimental studies 
on rats fed a Ca-Mg-deficient diet have been done, with the 
interesting finding that there was muscle fibre atrophy in 
white muscle [type !I fibre), and a decreased activity of the 
enzyme sur dehydrogenase in the gastrocnemius re,us, 
.c, le ~'4, In this study, myoflbrillar changes foulad specifically 
tn ALS p~atier~ts and Ca-M~deficient r~ts ~rr demonstrat- 
ed, 
Materials and methods. Human muscle specimens were 
obta!ned from biopsied gastrocnemius muscle from 3 cases 
of ALS. Muscle specimens from experimental animals were 
obtained from 4 Ca-Mg deficient rats and 5 control rats. 4 
experimental rats were fed a Ca-Mg deficient diet for a 
period of 5-15 weeks. The body weight of the animals 
r decreased durin~ t he  period of the ex- 
periment, Total body weight loss was )tbout 47%. Human 
muscle specimens were fixed in 1% OsO 4 adjusted with 
0,! M cacodylate buffer (pH 7.4) for 2 h. Experimental 
animals were perfused With 4% paraformaldehyde-0.5% 
glutaraldehyde . . . . . . .  adjusted with 0.1 M cacodylate buffer (pH 
7,4) and post-fixed in 1% OsO 4 adjusted with 0,1 M 

cacodylate buffer (pH 7,4), After fixation, muscle spe- 
cimens were dehydrated with ethanol and embedded in 
epoxy resin, Ultrathin sections stained with uranyl acetate 
and lead citrate were examined under JEOL 100C and T7 
model electron microscopes. 

Results and discussion, In biopsied muscle specimens from 
ALS cases, strikingly abnormal features were demonstrated 
in the sarcolemma and sarcoplasm, as seen in figure 1, 
8howlng multiplieative sarco!emmal nuclei (figure 1, a) and 
papillary projection of the sarcolemma (figure 1, b). In 
addition, there was proliferation of the satellite cells, and 
cell wandering at the intermuscular space. 
Experimental studies of muscle specimens of Ca-Mg defi- 
cient rats revealed papillary projection of the sarcolemma, 
satellitosis and proliferation of sarcolemmal nuclei, which 
are similar pathological changes to those observed in the 
ALS specimens. Besides, infolding or invagination ap- 
peared in the nuclear membranes of satellite ceils and 
sarco!emma! nuclei. 
Such changes; sarcolemmal papillary projection, and reac- 
tive satellite cells and sarcolemma, are commonly described 
as myopathic changes in skeletal muscle ~. Satellite cell 
proliferation in denervated muscle has been frequently 
observed in hypertrophied muscles rather than in atro- 
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Fig. l. Showing the multiplictive sarcolemmal nuclei (n) and the 
wandering cell (w) in (a), and sarcolemmal papillary projection 
(arrows) in (b). The type I1 muscle fibre ofALS. • 5800, • 10,000. 

Fig. 2. Streaming of Z-line (arrow) in (a) and nemalin-like rod 
formation in the superficial zone gastrocnemius muscle (b), of the 
type II fibre of Ca-Mg deficient rat. x 6750, x 19,500. 

Fig. 3. Electron dense rods (arrows) arrangement between the Z- 
line ( - - )  in the gastrocnemius muscle of the Ca-Mg deficient rat. 
x 9900. 

phied  6. It is cer tain that  the prol i fera t ion of  satellite cells and  
sarcolemmal  nuclei  results f rom a nonspecif ic  chronic  dys- 
funct ion of  muscle fibres as it is an  early f inding in 
myogenic  and  even in neurogenic  disorders�9 
Myofibr i l lar  changes dur ing degenerat ive  processesin Ca- 
Mg deficient  rat  muscle were ident i f ied with a s t reaming  of  
the Z-line,  which appeared  in the per iphera l  zone of  the 
type II fibre and  was shown as connec t ion  be tween  2 dif- 
ferent myofibri ls  forming  a Z - shaped  bridge. In o ther  
degenera t ing  muscle fibres 2 kinds of  nemal in- l ike  rod 
structures appeared  in the per iphera l  zone of  the muscle 
fibre; i r regular  shaped rods (figure 2, b) and  electron dense 
rods in parallel  with 2 Z-l ines (figure 3). 
These myof ibr i l la r  changes may  be expla ined  as a react ion 
to such lesions of  the muscle i tself  as dene rva t ion  a t rophy  7, 
toxlc m o a t h  with 8 11 �9 y p y " late onset  - , hypo thyro id i sm myopa-  
thy 12, Thomsen ' s  disease ~3, t eno tomy in, etc. M o r t o n  ~4 also 
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Fig.4. 'Zopfformation' consists of normal, intermediate (1) and 
central (c) zones. Numerous glycogen are indicated by G. x 5350. 

suggested that  the Z-l ine s t reaming represents  a no rma l  
adapt ive  response  of  muscle to workload stress. 
In the ALS specimens,  Z- l ine  s t reaming,  rod-l ike s t ructure  
and  ' Z o p f f o r m a t i o n '  were recognized as a b n o r m a l  struc- 
tures of  myofibr i l s  in the degenera t ive  type II f ibre (f igure 
4). ' Z o p f f o r m a t i o n '  is pig-tail  in form and  the 3 parts  
consists of  n o r m a l  sarcomere,  an  in te rmedia te  zone con-  
ta in ing a smal l  e lectron dense f ragment ,  and a large elec- 
t ron dense  i r regular  rod in the central  zone. T h e  f r agments  
in the in te rmed ia te  and  the central  zone are composed  of  
Z-l ine mate r ia l  which appears  to be su r rounded  by numer -  
ous glycogen particles. 
It is, therefore ,  concluded that  the rod-l ike s t ructures  and  
s t reaming  o f  Z- l ine  as well as 'uns t ruc tured  cores'~6 may  
represent  a nonspeci f ic  response  of  muscle f ibre to a lesion 
of  the muscle itself, while 'Z o p f fo rma t i o n '  may  be  found  in 
neurogen ic  disorders  15' 17, 18 
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