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The total  content and f rac t ional  Composition of the phospholipids,  together  with acetylchol in-  
e s t e r a s e  (ACE) and Mg++-dependent A T P a s e  (Mg-ATPase)  act ivi ty ,  were  studied in the s a r c o -  
p lasmic  re t i cu lum of musc le  t i ssue f rom pat ients  with a secondary  myopathic  syndrome ac -  
companying Cushing ' s  d isease .  Phosphol ipid analys is  of the m e m b r a n e s  of the pathological  
re t i cu lum revea l ed  a dec rea se  in the phosphatidylcholine content and a s imul taneous  inc rease  
in the sphingomyelin and lysoleci thin content. The act ivi ty of  M g - A T P a s e  and ACE r ema ined  
within no rma l  l imi t s  in the myopathic  syndrome.  Dis turbance of the morphology of the s t r i a t ed  
m u s c l e s  in the he r ed i t a ry  myopath ies  is accompanied  by cons iderable  changes in the s t ruc -  
ture of thei r  s a r c o p l a s m i c  re t i cu lum (SPR) [11]. S imi la r  degenera t ive  changes in the musc le  
t i ssue a re  obse rved  in pat ients  with I t senko-Cush ing~s  d isease ,  in which the myopathic  
changes a r e  secondary  in c h a r a c t e r  [10]. 

This  pape r  de sc r ibe s  the r e s u l t s  of an invest igat ion of quanti tat ive changes in the phospholipid f r a c -  
tions and in ace ty l eho l ines t e ra se  (ACE) and Mg++-dependent A T P a s e  (Mg-ATPase) act ivi ty  in the SPR of 
human musc le  t i ssue  under no rm a l  conditions and f rom patients  with a secondary  myopathic  syndrome ac-  
companying Cushing ' s  d i sease .  

EXPERIMENTAL METHOD 

Pieces of muscle tissue were taken from patients at operation from the latissimus dorsi muscle. 
Pieces of tissue taken from the same muscle at cholescystotomy and operations on the kidneys from pa- 
tients of the same age were used for the control investigations~ The muscle tissue was cut up into small 
pieces with scissors and homogenized in four volumes of 0oi M KCI solution, pH 7.4, in a Potter's homog- 
enizer (glass- Teflon) for 1.5 rain. All procedures with the tissue were carried out at 0-4~ The homog- 
enate was centrifuged for 20 rain at 600 g. Mitechondria were sedimented from the supernatant fraction 
at 12,000 g for 20 rain. The SPR fraction was obtained by centrifuging the postmitoehondrlal supernatant 
for 1 h at 105,000 g. Protein was determined by Lowry~s method [7]. Activity of suecinate : cytoehrome 
c-reductase was determined by the usual method [5] modified into a mieromethod, and ACE activity was 
estimated by Hestrin's method [4], using the medium and conditions of incubation specified by Lipskaya [2]. 
Mg-ATPase activity was measured from the increase in inorganic phosphate (Pi) in the incubation medium 
(volume 2 ml) containing 0.i M KCI, 5 mM MgCl 2, 5 mM ATP, and 5 mM histidine buffer, pH 7.4. The reac- 
tion was started by adding the SPR preparation in an amount of 0.1-0.2 mg protein/ml. Samples were in- 
cubated for 10 rain at 25~ Rathbun's method [9] was used to determine Pi in TCA filtrates. Phospholipids 
were extracted with a chloroform : methanol (2 : I) mixture with homogenization. Phospholipids were frac- 

Department of Biochemistry, Medico-Biological Faculty, N. I. Pirogov Second Moscow Medical Insti- 
tute. (Presented by Academician of the Academy of Medical Sciences of the USSR V. N. Orekhovieh.) Trans- 
lated from Byulleten' l~ksperimental'noi Biologii i Meditsiny, Vol. 77, No. 3, pp. 58-61, March, 1974. 
Original article submitted April 11, 1973. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 [~'est I7th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recordin~ or otherwise, without written permission of t]ze publisher. ;1 
copy of this article is available from the publisher for $15.00. 

275  



TABLE I. Phospholipid Composition of SPR and Mitochondria f rom 
Muscle Tissue of Normal Subjects and from Patients with a Myopathic 
Syndrome Accompanying Cushing's  Disease 

PhO holi ids(in ~ of total hot horm) 
~ _  pha- ~ s o h i n ~ o - I l w o l e c i -  cardiolipin + 

Fractions ~i_ _.11. ~.-8- ~ I ~Y.s~ 
tiayt- ts i line + .Imyelin l thin i v`̀  ;e 

I choline I .anomm- ] phospha- I [ [acia 
I 11he , ti.dy.~.o-t I I 

L - - - - -  s i t611  I I 
SPR.* I I 

normal(five exp.Zs.) 49,2~4,4 21,2+4,4 10,1~+3,0] 2,3• 1,35~1,2 10,7+_.0,82 
inmvp~athictvndrome <0,05 / <0,05 14,8__+3,3]9.1• ~, 11,7_+3,2 

�9 <0,05 p (eightexptsJ 39_+5,61 18• >0,05 t<o ,05  9,~ 4~6 

Ii 4~ : :: in myopathic syndrome 4 0 ~6 

tionated by two-dimensional th in- layer  chromatography in a re inforced  layer  of KSK silica gel in the fol- 
lowing sys tems:  1) ch loroform : methanol : water (65 : 25 : 4) and 2) chloroform : methanol :  25% ammonia 
(14 : 6 : 1). The phospholipid stains on the chromatogram were detected with ninhydrin and 50% sulfuric 
acid [1]. The quantity of identified phospholipids was measured  from the Pi content determined by the meth-  
od of Gerlach and Deuticke [3]. 

EXPERIMENTAL RESULTS 

The analysis  of the yield of SPR per  gram muscle t issue showed that in the secondary  myopathic 
syndrome associa ted  with Cushing 's  disease less of the ret iculum (1.38 �9 0.47 mg protein) was extracted 
from 1 gram of muscles  than from the muscles  of healthy subjects (2.3 * 0.43 mg protein). The decrease  
in the SPR protein content could be due to fatty degeneration of the muscle t issue and to the sharp decrease  
in the content of true muscle fibers in Cushing's  disease with a wel l -marked  myopathic syndrome.  

The resul ts  of investigation of the individual phospholipid fract ions of the SPR of normal  and patho- 
logical muscles  did not differ in the qualitative composit ion of the phospholipids. Meanwhile, definite quan- 
titative differences were observed in the individual fractions.  In the pathological muscle ,  for instance, the 
SPR contained much more  sphingomyelin and lysolecithin (P < 0.05) and significantly less (by 21%) phos- 
phatidylcholine. A marked tendency was observed for the total phosphatidylserine and phosphatidylinositol 
f ract ion to increase  in the d isease ,but  this difference was not significant (P > 0.05). No significant changes 
were found in the phosphatidylethanolamine or  acid phospholipid (cardiolipin + phosphatidic acid) fract ions.  
An increase  in the content of sphingomyelin and lysolecithin, accompanied by a decrease  in the phosphatidyl- 
choline content, was observed in an investigation of the phospholipid composit ion of muscle  SPR from mice 
with a heredi ta ry  form of progress ive  muscular  dystrophy, in which the p r imary  lesion occurs  in the skele-  
tal muscle tissue [6]. 

Activity of the marke r  mitochondrial  enzyme - sueeinate : cytochrome c-reductase  - in the SPR of 
normal  muscle tissue is very  low, only 6% of the total activity of the mitochondrial  fract ion according to 
the present  experiments .  The SPR in the secondary  myopathic syndrome accompanying Cushingts disease 
contained not more  than 8% of mitochondrial  f ragments  as impuri t ies.  The percentage of mitoehondrial  
s t ruc tures  contaminating the sample was thus about the same for the normal  and pathological SPR p repa ra -  
tions and varied from 6 to 8. Incidentally, SPR isolated from human pectoral  musc les  normal ly  contains 
5% of mitochondrial  f ragments  as  impuri t ies  [12], in agreement  with the present  resu l t s .  

Considering that a lesion of muscle tissue at cer ta in  stages can be accompanied by morphological  
changes in the mitochondria,  the content of phospholipid components in the mitochondrial  f ract ion was 
studied in normal  subjects and in patients with secondary myopathie syndrome.  The resul t s  in Table 1 
show that the content of phospholipid components in the mitochondrial  membranes  was virtually unchanged 
in the disease. No significant changes were found in the content of the individual phospholipids in the mito-  
chondrial  membranes  in investigations of heredi ta ry  dystrophies [8]. The phospholipid composit ion of in- 
t racel lu lar  s t ruc tures  such as myofibri ls  likewise is unchanged in the heredi ta ry  myopathies [6]. 

The ACE activity in the SPR isolated from normal  muscle tissue was from 3.9 to 5.4/Zmoles acetyl-  
chol ine/mg prote in /h ,whereas  the Mg-ATPase activity var ied from 0.08 to 0.12 /zmole P i / m g  protein/min.  
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The expe r imen t s  showed that  Mg-ATPase  and ACE act ivi ty  in the SPR of pat ients  with the myopathic  syn- 
drome as soc ia t ed  with Cushing ' s  d isease  did not go outside the normal  l imi ts  obtained in heal thy subjects .  

I t  can be postulated on the bas i s  of data in the l i t e ra tu re  [6, 8] and the r e su l t s  of the p re sen t  expe r i -  
ments  that the les ion of musc le  t i ssue in the he r ed i t a ry  myopath ies  and in Cushing ' s  d isease  with a secon-  
dary  myopathic  syndrome is accompanied  by cons iderable  and s im i l a r  changes in the content of the phos-  
pholipid components  of the SPR m e m b r a n e s .  The dis turbance of the s t ruc tu r a l  composi t ion  of the SPR m e m -  
b r a n e s  is evidently one a spec t  of the degradat ion of the musc le  t i ssue as a whole both in the he r ed i t a ry  
myopath ies  and in Cushing ' s  d isease ,  in which the les ion of the skele ta l  musc l e s  is secondary  in c h a r a c t e r .  
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