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by 
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INTRODUCTION 

The experiments described in this paper aimed at ascertaining the influence of 
atrophy on the muscle proteins (globulin X, myogen, myoalbumin, myoglobin), soluble 
in salt solutions of low ionic strength and pH about 7, in which myosin and actomyosin 
are said to be insoluble. The proteins studied will further be called "easily soluble 
proteins" of muscle. They were studied by quantitative eleetrophoresis. 

According to the results of experiments, carried out in this laboratory by Bosc~f 1, 
the easily soluble proteins can be extracted completely by grinding the muscle with 
sand and a buffer solution of pH 7.15 and ionic strength o.13. This was confirmed in 
the course of the work presented here. The numerical evaluation of the rather compli- 
cated diagrams by fitting in Gauss curves did not give fully satisfactory results in the 
hands of BOSCH. He believes that the differences between results calculated from various 
diagrams that appear to be identical upon superimposed projection must be attributed 
to the difficulty in drawing a pencil line exactly through the middle of the projected 
curves obtained by the Svensson-Philpot technique and to the arbitrariness inherent 
in the choice of the Gauss curves. Therefore he advises always to make the electro- 
phoresis diagrams under exactly identical conditions and to decide upon visual inspection 
of superimposed projections whether differences exist or not. This procedure has the 
great disadvantage that one is not able to express these differences quantitatively. We 
believe, however, that we have demonstrated that a quantitative analysis of the dia- 
grams of extracts of skeletal muscles is possible. Our procedure will be described in 
detail below. 

Experiments were carried out with rabbit muscles and with human muscles. 

EXPERIMENTAL PART 

~1ethods 
In  general the procedure of lBoscI~ 1 was followed. Therefore the same buffer solution was 

employed for extract ion,  dialysis and electrophoresis. BOSCH has tried several solutions. We have 

* This work forms p a r t  of the invest igations on the biochemistry  of muscle diseases by  H. G. K. 
\VESTENBRINK and co-workers, suppor ted  by  a grant  from the Nether lands  Organisat ion for Pure 
Research (Z.W.O.). 

Re/erences p. 269. 
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used a so lu t ion  he recommends ,  con ta in ing  0.05 M KC1, 0.023 h i  Na2HPO 4 and O.Ol M t(H21'Oa, 
of pH  7.15 and ionic s t r e n g t h  o.13, which  gives  ti le mos t  de ta i led  d i a g r a m s  of all  solut ions  tes ted .  
Some minor  a l t e r a t i ons  descr ibed below were in t roduced .  

Extractiou o/the proteins 
The r abb i t s  were anaes the t i zed  wi th  N u m a l - R o c h e  ( d i e t h y l a m m o n i u m  a l l y i i s o p r o p y l b a r b i t u r a t e )  

and  bled by  the  aorta .  Af te r  excis ion the  muscle  was s tored for i hour  a t  l ~' C. I m m e d i a t e l y  af ter  
g r ind ing  a g muscle  wi th  a g sand and a ml  e x t r a c t i o n  fluid the  nauscle debr is  were spun down at  
1 ° C by  IO minu te s '  cen t r i fug ing  a t  I4,ooo g (cent r i fuging m a y  also be clone af ter  i or 2 h). C(mtrary  
to  13OSCH'S exper ience  viscous e x t r a c t s  were never  ob ta ined .  No e x p l a n a t i o n  of thi~ difference can 
be offered. 

In  the  expe r imen t s  on muscles,  a t roph ied  as a consequence  of inan i t ion  or v i t ami n -E- f r ee  
feeding, i t  was  necessary  to  excise the  muscle  of one leg before sub jec t ing  the  r a b b i t  to  fas t ing  or 
av i taminos i s .  Therefore th is  muscle  ce r t a in ly  con ta ined  more blood t h a n  a muscle  excised a f te r  the  
an ima l  had  been bled. As the  exper imen t s ,  referred to  in Tab le  I I ,  show, th is  difference of blood 
con ten t  did not  affect the  results .  

The h u m a n  muscles  were also stored,  as soon as possible  a f te r  the  opera t ion ,  for i hour  a t  i ~' C 
before e x t r a c t s  were made.  Norma l  h u m a n  muscles  were excised du r ing  lung opera t ions .  

Dialysis 
The dia lys is  was carr ied  out  a t  5 ° C for a t  leas t  12 h, u sua l l y  18 to  24 h. The p r e c i p i t a t e  formed 

dur ing  d ia lys is  was  spun  down by  cen t r i fug ing  a t  o ° C a t  14,ooo g. For  r a b b i t  musc le  e x t r a c t s  3 ° 
minu te s '  cen t r i fug ing  was sufficient;  in the  case of hun lan  muscle  e x t r a c t s  the  cen t r i fug ing  had  to  
be con t inued  for a t  leas t  5 ° minu te s  in order  to p r e v e n t  f locculat ion of some p ro te in  (myosin)  in 
the  e lec t rophores is  cell. 

Determination o[ protein content o/ the extracts 
This  was done by  means  of an Abbe re f rac tometer .  In  the  case of no rma l  muscles  the  p ro t e i n  

con ten t  was a l i t t l e  h igher  t h a n  3 %. In  p r e l im ina r y  e xpe r i men t s  the  resu l t s  of the  r e f r ac t ome t r i c  
de t e rmina t i ons  were compared  wi th  the  resul ts  of K je ldah l  de t e rmina t ions .  The a g r e e m e n t  was 
excel lent .  

Electrophoresis 
The d ia lyzed  pro te in  so lu t ion  was  d i lu ted  wi th  the  buffer so lu t ion  to a b o u t  2 %. E lec t rophores i s  

was carr ied out  in a Tise l ius  a p p a r a t u s  (Striibin, Basle) accord ing  to  the  Svensson-Ph i lpo t  method .  
I l ford Pan  F film, 35 ram, 25 ° S, was  used. No difficulties were encoun te red  wi th  the  e x t r a c t s  of 
whi te  muscles  of rabbi ts .  I n  the  case of e x t r a c t s  of red muscles  of bo th  h u m a n  and  rabbi t ,  i t  appea red  
to be necessary  to  cover  the  uncoloured por t ion  of the  ascending  b o u n d a r y  in t i le  e lec t rophores is  
cell dur ing  p a r t  of the  r a t h e r  long exposure  t ime,  a nd  to  p r e v e n t  the  en t rance  of s t r a y  l igh t  f rom 
the  room in to  the opt ica l  system• 

Some myos in  solut ions  were examined ,  As t h e y  were ve ry  opa lescen t  ve ry  long exposure  t imes  
were required.  D i a g r a m s  of reasonable  q u a l i t y  were obta ined .  Ye t  we bel ieve  t h a t  cells as nsed by  
DUBUISSON et al. 2 are to be preferred to  our  cells of the  common  t y p e  for the  i nves t i ga t i on  of myos in  
solut ions .  

Numerical evaluation o/the diagrams 
The genera l  t y p e  of d i a g r a m  to 

be ana lyzed  is shown in Fig. i .  I n  
pr inc ip le  the  ana lys i s  was carr ied  out  
according to  WIEDEMANN 3. A Gauss  
curve  was placed in p e a k  V I I I * .  Then 
o the r  Gauss  curves  were p laced  in the 
d i a g r a m  to t i le  left  and  to  the  r ight ,  
t a k i n g  g rea t  care  e a c h  t i m e  t h a t  the  
a rea  ove r l apped  by  two Gauss  curves  
was as nea r ly  equa l  as poss ible  to  the  
area  of the  d i a g r a m  left  uncovered  
be tween  bo th  curves.  The tops  of the  
Gauss  curves  need not  coincide a t  al l  
w i th  the  peaks  which  can be d is t in-  
guished in the  d iagram.  The p a r t  of 

VIII  
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Fig. 1. D i a g r a m  of e x t r a c t  of fresh no rma l  r a b b i t  muscle  
wi th  Gauss curves  f i t ted in. 

the  d i ag ram between peaks  I I  and  I I I  is too fiat to  be resolved in to  Gauss  curves.  The surface of 

* The  componen t s  are numbered  from I I  to  IX.  A ve ry  smal l  c o m p o n e n t  I, mov ing  ve ry  rapidly~ 
was  neglected.  

Re/ere~ces p. 269. 
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this part was measured with a planimeter. The sum of the surfaces of the Gauss curves and the 
unresolvable intermediate part between II and III should equal the total surface determined by 
planimeter and at every point of the abscissa the sum of the ordinates of points of the Gauss curves 
should equal the ordinate of the diagram at that point (see Fig. i). 

Rabbit muscles 

The data assembled in Table I show that the preparation of the extracts as well 
as the numerical evaluation of the diagrams can be carried out in a highly reproducible 
way. In each of these experiments homologous muscles of the hind legs of a rabbit 
were compared. These muscles were excised immediately one after another. 

The differences between homologous muscles were scarcely greater when the 
muscles were excised with an interval of 21 to 28 days (see Table II). This statement 
is important in view of later experiments, in which a muscle of one leg had to be excised 
before the rabbit was subjected to fasting or vitamin-E deficiency in order to provoke 
atrophy of the homologous muscle of the other leg. 

Somewhat greater, though always still small, differences were found between 
various skeletal muscles of one rabbit (Table III) ,  quite distinct differences, however, 
between the skeletal muscles o5 various rabbits (Table IV). 

The mobilities at pH 7.15 of the eight components which can be derived from the 
diagrams were determined in 17 cases. The means and the standard deviations are given 
in Table V. To determine the iso-electric points of the components portions of an extract 
were dialyzed against solutions of ionic strength o.13, which contained 0.05 M KC1 and 
various ratios of primary and secondary phosphate, so that they had the following pH's  : 
8.00, 7.4 ° , 7.00, 6.60, 6.20, 5.75, 5.30, 4.90* • With the protein solutions thus obtained 
pH-mobility curves of the various components were determined. The iso-electric points 
derived from these curves are given by Table VI. Similar determinations have been 
carried out by JACOB a. His results were: comp. VI : 5.7, comp. VII  : 6.0, comp. v n I :  6.2, 
comp. IX:  6.8. 

The iso-electric points of components II, I I I  and IV are situated below 4.9. Com- 
ponent IX was split into 3 (ascending boundaries) or 2 (descending boundaries) com- 
ponents at pH values between 6. 4 and 6.0 respectively. Each mobility determination 
was carried out in triplicate. All determinations were carried out as rapidly as possible 
one after another without interruption during the night in order to prevent undesired 

VIII 

V > 

Fig. 2. Diagram of extract of normal rabbit 
muscle in rigor morris. 

alterations in the protein solutions. 
Rigor mortis appeared to entail a quite 

distinct increase of the percentage of com- 
ponent V and possibly a slight increase of 
the intermediate part of the diagram be- 
tween components I I  and I I I ,  no matter 
whether the rigor mortis had developed in 
the course of 8 h at I ° C  in the isolated 
muscle or in the muscle in situ (see Table VII  
and Fig. 2). 

Muscular atrophy was induced by vari- 
ous means, viz. severance of a motoric nerve, 

* We did not prepare protein solutions of lower pH, as it is not possible to compose more acid 
phosphate buffer solutions, and buffers of other composition would give quite different diagrams 
(see BoscH1). 

References p. 269. 
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TABLE I 

I I O M O L O G O U S  M U S C L E S  OF T H E  t t l N D  L E G S  OF R A B B I T S  

Muscles excised immediately one after  another.  
Area of the Gauss curves I I  to I X  and of tile intermediate pa r t  between I I  and I I I  expressed 

in percentage of total  area minus  6- (resp. e-) gradient. 

Rabbi! Muscle I X  V I I I  V I I  V1 1," I1" I I I  lnterm, 1I  
No. part 

Ascending boundaries  

4 Vastus  lateralis, left 14-7 3 ° . °  24-3 3.7 11.8 4.8 2.5 2.5 5.8 
Vastus  lateralis, r ight 14.6 29.9 24.1 3.7 11.6 4.8 2. 4 2. 7 5.8 

IO Gastrocnemius,  left 17.2 25.2 24.9 12.3 5.6 4.0 3.8 3.0 3.8 
Gastrocnemius,  r ight  17.1 24.9 25.0 12.3 5.7 4 .2 3.9 3 .0 3.9 

12 Serratus, left 15.3 30.0 25.3 6.1 6.7 3.8 4.1 3.4 4 .1 
Serratus,  r ight  15. 7 30.6 25. 3 6. 3 6.8 3.8 4.1 3.2 4.1 

Descending boundaries  

4 Vastus  lateralis, left 14. 5 28.o 22. 7 3.2 7.4 4 .1 2.8 7.5 5.7 
Vastus  lateralis, r ight  14. 7 27.1 22.8 3.3 7.6 4.2 2.9 7.0 5,8 

IO Gastroenemius,  left 17.2 19.7 29.3 lO.3 7.3 6.7 1.8 5.2 3.6 
Gastrocnemius,  r ight  17. 7 20.0 29.1 io. i  7.3 6.6 1.7 5.5 3-5 

12 Serratus, left 13. 4 31.o 25.1 2.9 7.5 4.4 2.9 2.5 6.5 
Serratus, r ight  13. 4 31.1 25.1 2.9 7 .2 4.4 2.9 2.9 6.5 

T A B L E  I I  

I-IOMOLOGOUS MUSCLES (VASTUS LATERALIS) OF THE HIND LEGS OF RABBITS, 
EXCISED WITH AN INTERVAL OF 3 AND 4 WEEKS 

Area of the Gauss curves I I  to I X  and of the intermediate pa r t  between I I  and I I I  expressed in 
percentage of total  area minus 6- (resp. e-) gradient.  Rabbi t  3, muscle from right leg excised 21 days 

af ter  left leg, rabbi ts  8 and i i, 28 days. 

Interm, Rabbit Leg I X  V I I I  V I I  V I  V 1 V I I I  1I 
No. part 

Ascending boundaries 

3 left 9.6 28.9 26.4 6.0 IO.O 4.2 4.6 3.0 4.8 
right 9.0 28.5 27.0 6.2 9-5 4 .6 4 .2 3.2 5.0 

8 left 21.6 24.1 27.2 3.9 9.7 2.2 2.2 4.2 4.2 
r ight  20. 4 24. 3 26.8 3.1 9.2 3.o 2.6 4.0 4.0 

i i  left 14.6 32.1 22.2 6.7 lO.2 7.2 3-7 1.5 3 .I 
r ight 14.1 32.9 21. 7 6.o 9.7 8.0 3.5 1.7 3-4 

Descending boundaries  

3 left 8. 3 30.9 26. 5 4.8 io.o 5.1 2.4 5.3 4 .0 
r ight 8.8 31.2 25.8 4.6 9-7 5-5 2.4 5-5 4 .2 

8 left 11. 7 32.5 25.6 6.8 8.3 2.8 2.9 4.5 4 .~ 

right 11. 9 32.7 26.2 7.0 8.7 3.1 3 .1 4.3 4 .(~ 

I I  left 13.6 27 .6 24.6 7.3 6.2 7.2 4.0 5.0 3.6 
right 13.2 27.0 25.2 7.6 6.5 6.6 4.0 5-3 3 .8 

R e ] e r e n c e s  p .  2 6 9 .  
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T A B L E  I I I  

V A R I O U S  M U S C L E S  O F  O N E  R A B B I T  

Area of the Gauss  curves  I I  to I X  and  of the  i n t e r m e d ia t e  p a r t  be tween  I I  and  I I I  expressed in 
pe rcen tage  of t o t a l  a rea  minus  ~5- (resp. e-) g rad ien t .  

31usclc I X  ['1II I'I1 VI  V I |" 11I Dilcrm. 11 
parl 

Ascending boundar i e s  

Serra tus  I5.7 3o.6 25.3 6.3 6.8 3.8 4.t 3.2 4.1 
Gas t rocnemius  15. 4 3o. I 25.o 5.8 6.9 4.6 3.9 2.6 4.5 
Vas tus  la tera l i s  15.6 29.5 25.I 5.5 6.7 5.3 4 .1 3.9 4-2 
Vastus  iu t e rmed ius  i5.6 29.4 25.0 5.6 6.8 3.9 3.5 4. t 4.3 

Descending  bo tmdar ies  

Ser ra tus  13.4 31.1 25.1 2-9 7 .2 4.4 2.9 2.9 6.5 
Gas t rocnemius  13.2 31.2 25.o 2,9 7.2 4.5 2.9 3.4 6.5 
Vas tus  la te ra l i s  13.2 31.4 28.8 3.0 6.9 4.7 2.9 2.4 6-9 
Vas tus  in t e rmed ius  12. 5 31. 7 26.1 2, 9 6. 9 4.5 2-9 3 .6 6.5 

T A B L E  IV 

M U S C L E S  O F  V A R I O U S  R A B B I T S  

Area of the  Gauss curves  I I  to I X  and of the  i n t e rm e d ia t e  p a r t  be tween  I [  and  I I I  expressed  in 
pe rcen tage  of t o t a l  a rea  minus  3- (resp. e-) g rad ien t .  Means and  s t a n d a r d  devia t ions .  

Gauss curve Number of Ascending Descending 
detcrm, boundaries boundaries 

I X  33 I6.4 ~ 4 .8 I5.5 ± 3.5 
V I I I  33 33.4 4_- 6. 7 28. 7 ~ 3.6 

V I I  33 24.2 ! -2 .7  23.9:]-3.2 
VI 33 6.0 _q: 1. 7 5-7 £ 2.o 
V 33 8 .  3 ~ 1.6 7.9 :k 1.7 

IV 33 5 .0 q- 1.7 4 - 7 / -  1.6 
I I I  27 3.3 + I.O 2.8 :,~ I.O 

In t e rm.  p a r t  27 4.7 ± 2.2 4.7 • 1.9 
I I  33 4 .0 i 1.3 4.5 • t . I  

T A B L E  V 

M U S C L E S  O F  V A R I O U S  R A B B I T S  

Mobil i t ies  of componen t s  I I  to I X  expressed in lO -5 cm"- vo l t  -1 sec -1. 
Means and s t a n d a r d  dev ia t ions  of 17 de te rmina t ions .  

Component Descending A scending 
boundaries boundaries 

I X  0.8 ::t- 0.02 0. 7 ~: 0.02 
V I I I  I. 3 +j- 0.05 1.2 _~ 0.03 

V I I  1.7 :k o.o2 1.6 +_ o.oI 
VI 2.2 -~ 0.03 1. 9 ~ o.o 3 

V 2.7 :L 0-03 2.6 ~: 0.02 
IV 3.3 ~: 0.05 3.2 :[= o.o6 

I I I  4.o ± o.o 5 3.8 , -  o.o6 
i I  6.4 ± o.o6 6.2 ~ o.o6 

R,:'.h'r~'nces p. 169. 
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immobilization of a leg in a plaster cast, prolonged fasting and vitamin-l~2 dcticit~nc\,. 

,5everance o/ a lnotoric ~zerve. P a r t  of the  ne rvus  ischiadicus  of one leg was excised aml the  skin 
su tu red .  The  operat ion,  which  was t e r m i n a t e d  in 5 minu tes ,  was carr ied out  under  N u m a l - R o c h e  
narcosis.  Apa r t  f rom the  para lys is  of the  leg tile an imal s  were in per fec t  heal th ,  l Iomologons  muscle:~ 
of tile hind legs, one no rma l  and  one a t rophied ,  were excised af ter  2 to 5 weeks,  in one ease af ter  
9 weeks.  

Immobility in a plaster cast. In  order  to p r e v e n t  d a m a g e  by  gnawing  it appea red  to be necessary  
to place a wooden collar a round  t he  neck of the  rabbi t .  Af te r  th ree  weeks the  va s tu s  lateralis  muscles  
were r emoved  from bo t h  h ind legs and  examined .  

Inanition. Two rabb i t s  were used for th is  expe r imen t .  The  va s tu s  lateral is  was r emoved  from 
one leg before the  fas t ing  period. (The resu l t s  in Table  II show t h a t  no change  occurs  in no rma l  
muscle  in the  course  of some  weeks.) The  an ima l s  died af te r  fas t ing  for 6 and  9 days  respect ively.  
In  th is  t ime  the  body  weight  had  decreased by  a b o u t  4 ° %. As bo th  an ima l s  died du r ing  the  n igh t  
t he  musc les  were in rigor when  the  ex t r ac t s  were made .  As will appea r  f rom Table  V I I I  th is  did 
no t  affect  the  resul ts .  

Vitamin-E deficiency. A rabb i t  was fed on tile GOETTSCH-PAPPENHEIMI~:R diet  '5. The  v a s t u s  
lateral is  of one leg had  been r emoved  before a d m i n i s t r a t i o n  of the  v i t amin -E- f r ee  diet.  The  excret ion 
of creat ine  and  crea t in ine  was de t e rmined  every  day.  Af ter  a b o u t  i8 days  the  crea t ine  excre t ion  
increased f rom abou t  io m g  to 2o to 40 mg  per  24 h. The  29th  d a y  showed a sha rp  rise of the  creat ine  
excre t ion  to a b o u t  26o mg.  On  the  nex t  days  it  was s o m e w h a t  lower again.  The  rabb i t  died on the  
33rd day.  

All atrophied muscles, which have been examined, with the exception of the muscle 
excized 9 weeks after severance of the nerve, had lost about 5o % of their original weight. 
No matter  which method was used to cause 
the atrophy, a 5o% decrease in weight was 
accompanied by a 2- to 3-fold increase of 
the percentage of component II. This can 
be seen in Table VIII  and Fig. 3. (The increase 
of the percentage of this component has al- 
ready been observed by CR~PAX 8, though 
only in the case of denervated muscles). 

The diagram obtained from the muscle 
which had atrophied during 9 weeks after 
severance of the nervus ischiadicus is shown 
in Fig. 4. All peaks had disappeared with the 
exception of component II, which accounted 
for about 5o % of the total area. 

IX v i i i  H 

Fig. 3. D i a g r a m  of ex t r ac t  of a t roph ied  rabb i t  
muscle  (2½ to 5 weeks  a f te r  severance  of 
nerve  or immobi l i sa t ion  in p las te r  cas t ;  or 
af ter  dea th  by  inani t ion  or v i t a m i n - E  de- 

ficiency). 

As can be seen from Fig. 3 the unresolvable part of the diagram between com- 
ponents II and III also increases considerably, but this increase cannot be expressed 
numerically, as component I I I - - a n d  sometimes component I V - - c a n n o t  be distin- 

¢- - ,_  

Fig. 4- D iag ram of ex t r ac t  of a t ro-  
phied  rabb i t  muscle,  9 weeks af ter  

severance  of nerve.  

guished anymore in tile diagrams of atrophied muscles, 
so  t h a t  t h e  f l a t  u n r e s o l v a b l e  p a r t  e x t e n d s  f r o m  c o m -  

p o n e n t  I I  t o  c o m p o n e n t  I V  o r  V (see T a b l e  V I I I ) .  

H u m a n  musc les  

F i f t e e n  n o r m a l  m u s c l e s  (m .  s e r r a t u s  a n t e r i o r )  

w e r e  e x a m i n e d .  F i g .  5 s h o w s  t h e  p r o t o t y p e  o f  t h e  

d i a g r a m s .  I t  b e a r s  a s t r o n g  r e s e m b l a n c e  t o  t h e  d i a -  

g r a m s  o f  n o r m a l  r a b b i t  m u s c l e s .  T h e  m o b i l i t i e s  o f  t h e  

components very closely approached those of the components of the rabbit muscle 
diagrams. Therefore the same numbering could be used. Table IX shows the results 

Re/emnees p. 269. 
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TABLE VI 
I S O - E L E C T R I C  POINTS 

V VI  V I I  V I I I  I X  

Ascending boundaries 4.9 5.o 5.3 5.8 6.2 
Descending boundaries 4.9 5 .o 5.3 6.o 6. 4 

VOL. 11 (I953) 

TABLE VII  

C O M P A R I S O N  OF F R E S H  M U S C L E S  A N D  H O M O L O G O U S  M U S C L E S  IN  RIGOR 

Area of the Gauss curves II  to I X  and of the intermediate par t  between II  and I I I  expressed 
in percentage of total  area minus d- (resp. e-) gradient. Ascending boundaries. Rigor developed in situ. 
Each pair of homologous muscles taken from a different rabbit .  

Intern*. Muscle Rigor I X  V I I I  V I I  V I  V I V 111 part 11 

Serratus - -  15.7 3 °.6 25-3 6.3 6.8 3.8 4.1 3.2 4.1 
+ 12.4 25.4 25.1 6.3 14.8 3.5 3 .2 5 .o 4 .I 

Gastrocnemius - -  15.4 3o.I 25.0 5.8 6.9 4.6 4.0 2.6 4.5 
+ 13.6 24.5 24.8 5.8 13.2 4.2 3.3 3 .1 4.5 

Vastus lateralis 15.6 29.5 25.1 5-5 6.7 5.3 4 .l 3-9 4 .2 
+ 13.3 23.3 24.6 5.5 11.7 4.9 3.5 5 .0 4 .2 

Vastus intermedius - -  15.6 29.4 25.0 5.6 6.9 3.9 3 .6 4 .1 4.3 
+ 13.° 22.9 25.2 5.7 15.9 3.7 2.8 6. 3 4.3 

of t h e  n u m e r i c a l  e v a l u a t i o n  of 13 d i a g r a m s .  T h e  m o s t  p r o n o u n c e d  d i f f e rence  as  c o m -  

p a r e d  to  r a b b i t  m u s c l e  is t h e  c o m p a r a t i v e l y  h i g h  p e r c e n t a g e  of c o m p o n e n t s  I I  a n d  

VII, a n d  t h e  c o m p a r a t i v e l y  low p e r c e n t a g e  of c o m p o n e n t  V I I I .  I n  m o s t  cases  com-  

p o n e n t  I X  w a s  a b s e n t .  

vlff > 

Fig .  5. D i a g r a m  of e x t r a c t  of n o r m a l  h u m a n  
m u s c l e .  

V/// 

- - >  

Fig. 6. Diagram of extract  of human 
muscle atrophied since several decades. 

A t r o p h i c  m u s c l e s  we re  e x c i s e d  f r o m  p a t i e n t s  su f f e r i ng  f r o m  p r o l o n g e d  m u s c u l a r  

i n a c t i v i t y ,  o f t e n  e x t e n d i n g  o v e r  s e v e r a l  d e c a d e s .  T a b l e  X s h o w s  t h e  r e s u l t s  of t h e  

n u m e r i c a l  e v a l u a t i o n  of t h e  d i a g r a m s  o b t a i n e d  f r o m  7 p a t i e n t s .  As  c o m p a r e d  to  n o r m a l  

m u s c l e s  i t  a p p e a r s  t h a t  in  g e n e r a l  t h e  p e r c e n t a g e s  of c o m p o n e n t s  I I  a n d  V I I I  h a v e  

i n c r e a s e d  a n d  t h e  p e r c e n t a g e s  of c o m p o n e n t s  V I  a n d  V I I  h a v e  d i m i n i s h e d ,  w h i l e  com-  

Re#rences p. 269. 
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T A B L E  I X  

N O R M A L  H U M A N  M U S C L E S  

A r e a  of G a u s s  c u r v e s  I I  to  V I I I  a n d  of  i n t e r n l e d i a t e  p a r t  b e t w e e n  I I  a n d  I I I  e x p r e s s e d  in p e r c e n t a g e  
of t o t a l  a r e a  n l inus  6- (resp.  e-) g r a d i e n t .  M e a n s  a n d  s t a n d a r d  d e v i a t i o n s .  

Ascending b~mndaries Descending boundaries 

Ga4¢:,x curve Number of Percentage Number of 
determination,s determinations t'ercentage 

V I I I  13 27. 3 ~_ 6.8 I2 26.0 4 : 5 . 7  
V I I  13 33.7 ± 6 . 4  12 36.2 ~ 6 . o  

V I  13 7.7 A_ 2.1 12 7.3 ~[ 2.0 
V 13 7.7 ~ 1.9 12 6. 4 ~_ 2.0 

I V  IO 5 '5 ~ I ' 5  I2 0. 7 4 1. 4 
l l I  4 4.1 ~: 1.6 4 5"3 ~ 1"3 

I n t e r m .  p a r t  4 4.3 b 1. 3 ,t 5.3 ± 2.3 
i i  13 6.6 :~ 1.2 I2 7.2 :}- 1.4 

T A B L E  X 

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

A r e a  of G a u s s  c u r v e s  I I  t o  V I I I  a n d  of i n t e r m e d i a t e  p a r t  e x p r e s s e d  in p e r c e n t a g e  of t o t a l  a r e a  
m i n u s  d- (resp.  e-) g r a d i e n t .  

Age of 
Fatty V I I I  V I I  atrophy degcnerations 

in ycars 
v I  v I v l l l  lnterm. I I  

part 

A s c e n d i n g  b o u n d a r i e s  

2 - -  44.0 28.8 3.2 o o o I7.  4 9.0 
3 - -  48.8 24. 3 o o o 15.o [ t .7 
4 - -  41.3 28.8 4.3 o o o 14. 4 I I .  3 

1o q 56.4 20.0 o o o i2.1 i t .  5 
20 + 55.2 27.2 o o o o 16.9 
23 + 50.6 30.6 o o o o 18.6 
46 + 49.2 32.8 o o o o 18.o 

D e s c e n d i n g  b o u n d a r i e s  

2 - -  40.0 24.4 5.2 o o o 18.8 11.6 
3 - -  46.2 28.8 o o o I 3 . [  I2 .8  
4 - -  36.2 29.4 9.0 o o o 26.0 8. 3 

lo  @ 52.2 26.6 o O O 9.1 1I .  4 
20 + 51.8 35.8 o o o o 13.2 
23 + 52.4 33.2 o o o o 14.2 
40 + 50.2 31.6 o o o o 18.2 

T A B L E  X I  

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

Muscles 

Easily soluble proteins Myosin 

Number off mg per g Number of mg per g 
determinations determinations 

N o r m a l  r a b b i t  m u s c l e s  
A t r o p h i c  r a b b i t  m u s c l e s  
R a b b i t  m u s c l e s  in r i go r  m o r r i s  
N o r m a l  h u m a n  m u s c l e s  

44 24 ± 3.5 16 16 i 2.5 
12 1 9 ± 3 . 1  8 4 }2 2.6 
12 24 ~ 4.2 I i  3 ± 1.5 
12 24 q- 4.1 12 17 ~ 3.2 
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ponents I I I ,  IV and V have completely disappeared, in those cases in which thc~ atrophy 
had only existed for a few years the unresolvable intermediate part  was present in the 
diagrams. If  the atrophy had been manifest for many years (~:.g. 4 o years) this inter- 
mediate part  had completely disappeared. Fig. 6 shows the prototype of the diagrams 
of the latter muscles. 

Myosin, 6xtracted /rom muscle by salt solution o~ pH 7.z5 and ionic strength o.I3 

As described above, a precipitate forms upon dialysis of the muscle extracts against 
the KCl-phosphate solution of pH 7.15 and ionic strength o.13. This precipitate was 
spun down, repeatedly washed with the same solution and then dissolved in Greenstein- 
Edsall solution (0.5 M KC1, 0.03 M NaHCO~; pH 8.1o; ionic strength 0.53 ). After 
dialysis against this solution the electrophoresis diagram obtained appeared to be 
practically identical with that  oi a myosin solution prepared irom rabbit  muscles 
according to STEYN-PARVt~ AND GERRITSEN 7. Hence it appears that  myosin may  1)e 
extracted from the muscle by a practically neutral solution of low ionic strength. 

Amounts o/proteins extracted/rom normal and atrophied muscles 

Table XI  shows the means of the amounts of the easily soluble proteins and of 
myosin, extracted per g muscle by KCl-phosphate solution of pH 7.15 and ionic strength 
o.13. Regarding the easily soluble proteins no difference exists between fresh normal 
rabbit  muscles, fresh normal human muscles and rabbit  muscles in rigor, but the amount 
extracted per g of atrophic rabbit  muscles is significantly lower (P < o.ooi). The amount 
of myosin extracted per g tissue from fresh normal rabbit  muscles and from fresh normal 
human muscles did not differ, the amounts extracted per g tissue from the atrophied 
rabbit  muscles and from normal rabbit  muscles in rigor were very much lower, however. 

Notwithstanding the fact that  the total amount of easily extracted protein per g 
of atrophic rabbit  muscle was lower than the amount extracted per g of normal muscle, 
and that  the weight of the atrophic muscles was much less than the weight of the normal 
homologous muscles, the amount of the protein(s) giving rise to component I I  of the 
diagram, extracted from the whole atrophied muscle, had not diminished as compared 
with the amount of this protein extracted from the whole homologous normal muscle. 
This can be seen from column 14 of Table VI I I ,  the figures of which have been calculated 
from the total  amounts of easily soluble protein per whole muscle (column 4) and the 
percentage of component I I  (column 13). 

Though the diagrams of extracts of atrophied muscles had also shown an increase 
of the flat unresolvable part  between peaks I I  and III ,  observed in the case of normal 
muscles, a similar calculation could not be carried out here, for this part  of the diagram 
now extended from component I I  to component IV or from component I I  to com- 
ponent V. 

DISCUSSION 

I t  should be realized that  the high reproducibility of the numerical evaluation of 
the diagrams could only be attained if it was carried out by one and the same person, 
always following the same procedure. We have placed Gauss curves in the diagrams, 
starting with the rather arbitrarily chosen peak No. V I I I  (the highest one in the case 
of extracts of rabbit  muscle) and then trying to fill up the whole diagram with the 

Re/erences p. 269. 
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smallest possible number of Gauss curves. The figures obtained for the various Gauss 
areas as percentages of the total area minus ~- (resp. e-) gradient may obviously only 
be regarded as characteristics of the muscle extracts serving for mutual comparison of 
these extracts. I t  will be necessary to employ other methods, e.g. salting out according 
to DERRIEN and enzyme determinations, in order to obtain a fuller understanding of 
what happens to the proteins in the course of the development of atrophy. 

The most remarkable fact established in this work seems to be the practically 
identical changes that are observed irrespective of whether the atrophy is caused by 
immobilization (as a consequence of severance of the motoric nerve or of application 
of a plaster cast), by inanition or by vitamin-E deficiency. In all cases the proteins that  
give rise to component II  (and probably also those composing the flat part of the 
diagram between components II and III) are maintained, while the other proteins dis- 
appear in the course of the development of the atrophy. 

Special attention should furthermore be given to the difference between the dia- 
grams of rabbit muscles, rendered atrophic by experiment and human atrophied 
muscles. C-ERRITSEN s, working in this laboratory on the glucokinase content of normal 
and atrophied muscles, also found a difference between these two kinds of atrophy. 
The enzyme appeared to have been fully maintained in the atrophied rabbit muscles, 
but to have decreased considerably in the atrophied human muscles. In both cases we 
believe that  the differences between rabbit and human muscles are caused by the 
different times during which the atrophies have existed. The intermediate unresolvable 
part  of the electrophoresis diagrams of extracts of atrophied rabbit muscles and the 
glucokinase of these muscles would probably also have disappeared if it would have 
been possible to incite a very slowly developing muscular atrophy in rabbits. 

S U M M A R Y  

The  pro te ins  of  n o r m a l  and  a t roph ied  skele ta l  musc les  of t he  r abb i t  and  of man ,  soluble in 
sa l t  so lu t ions  of low ionic s t r e n g t h  and  p H  a b o u t  7, were s tud ied  by  m e a n s  of electrophoresis .  A t r o p h y  
of r abb i t  leg musc les  was  caused  by  severance  of t he  motor ic  nerve,  b y  immobi l i s a t ion  of a leg in 
a p l a s t e r  cast ,  by  inani t ion  and  by  v i t a m i n - E  deficiency. No m a t t e r  wh ich  of these  m e t h o d s  was 
used  to induce  m u s c u l a r  a t r ophy ,  t he  e lect rophores is  d i a g r a m s  ob ta ined  a lways  showed  t he  same  
a l t e ra t ions  as compared  wi th  t he  d i a g r a m s  ob ta ined  for no rma l  muscles .  The  m o s t  r emarkab l e  fea ture  
was  t he  increase of t he  pe rcen t ages  of t he  more  rap id ly  m o v i n g  c o m p o n e n t s  and  t he  decrease of 
t he  pe rcen tages  of t he  slower componen t s .  Whi l e  the  to ta l  a m o u n t  of prote in ,  ex t r ac t ab l e  by  a sal t  
so lu t ion  of ionic s t r e n g t h  o.13 and  p H  7.15 f rom t he  whole muscle ,  h a d  cons iderab ly  decreased,  
the  a m o u n t  of t he  m o s t  r ap id ly  mi g ra t i ng  c o m p o n e n t  (II), d i s t ingu ishab le  in t he  d iagrams ,  had  
r e m a i n e d  cons t an t .  

N o r m a l  h u m a n  musc le s  differed l i t t le f rom n o r m a l  r abb i t  muscles .  The  f lat  i n t e rmed ia t e  pa r t  
of the  d iagrams ,  which  had  been  m a i n t a i n e d  in t he  case of t he  a t roph ied  r abb i t  muscles ,  had ,  however ,  
comple t e ly  d i sappeared  in the  case of chronic  h u m a n  muscu l a r  a t r o p h y  caused b y  immobi l iza t ion ,  
ex is t ing  du r ing  severa l  decades .  The  t ime  of ex is tence  of the  a t r o p h y  m a y  be the  cause  of th is  
difference, as the  a t r o p h y  of t he  r abb i t  musc les  had  developed in t he  course  of a few weeks.  

RI~SUMt~ 

Les  pro t6 ines  des  musc les  sque le t t iques  n o r m a u x  et  a t roph ies  de l ' h o m m e  et  du lapin,  solubles 
d a n s  des so lu t ions  sal ines de force ionique faible et  de p H  env i ron  7, on t  dt6 dtudi6es pa r  61cctro- 
phor6se.  L ' a t r o p h i e  des  musc les  de la p a t t e  du lapin  es t  p rovoqude  pa r  ldsion du nerf  moteur ,  par  
immobi l i s a t i on  de la pa t t e  dans  u n  mou le  de pl~tre,  pa r  inan i t ion  ou pa r  carence  en v i t a m i n e  E.  
Quelle que  soit  la m6 t hode  util is6e p o u r  p r o v o q u e r  l ' a t roph ie  muscula i re ,  les d i a g r a m m e s  d'6lectro- 
phor6se  ob t enus  p rd se n t en t  t ou j ou r s  les m ~ m e s  modif ica t ions  pa r  r appo r t  a u x  d i a g r a m m e s  ob tenus  
avec  des musc les  n o r m a u x .  L a  p lus  r e m a r q u a b l e  de ces modif ica t ions  es t  l ' a u g m e n t a t i o n  des pour-  

Re/erences p. 269. 
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centages des const i tuants  so ddpla~ant le plus rapidement,  et la diminution des pourcentages des 
const i tuants  los plus lents. Alors que le contenu total  en prot6ines extractibles par une solution 
saline de forco ioniquo o.13 et de pH 7.15 i~ partir  du muscle entier, diminue considdrablement, 
la teneur du consfi tuant  qui poss~de la plus grande vitesse de migration (II), qu 'on peut  distinguer 
sur le diagramme, reste constante. 

Les muscles humains  normaux diffSren~c peu des muscles de lapins normaux.  La partie inter- 
mddiaire plate du diagramme, qui est Inaintenue dans le cas des muscles de lapin atrophi6s, disparait  
cependant  compl~tement dans le cas d 'une atrophie musculaire hunlaine chroniqne provoqude par 
une immobilisation de plusieurs dizaines d'anndes. Cette diffdrence est peut-6tre due /z la dur6e de 
l 'atrophie, car l 'atrophie des muscles du lapin est obtenue en quelqnes semaines. 

ZUSAMMENFASSUNG 

Die Proteine normaler und atrophierter Skelettmuskeln von Kaninchen und Menschen, die in 
Salzl6sungen mit  niedriger Ionenst~rke und einem pH von ungefS.hr 7 16slich sind, wurden mit  Hilfe 
der Elektrophorese untersucht .  Die Atrophie der Beinmuskeln yon Kaninchen wurde hervorgerufen 
durch Trennung des motorischen Nervs, durch Immobilisation des Beines im Gipsverband, durch 
Entkr~tftigung und durch Vitamin E-Mangel. Verglich man die erhaltenen elektrophoretischen 
Diagramme mit  denen normaler Muskeln, so zeigten sie immer die gleiche Ver~nderung, ganz gleich- 
giiltig welche dieser Methoden zur Herbeifiihrung der Muskelatrophie benutz t  wurde. Das Ansteigen 
des Prozentgehalts der schneller beweglichen Komponenten  und das Absinken des Prozentgehalts  
langsamer Komponenten  war das meist  bemerkenswerte Merkmal. WAhrend der Gesamtanteil  des 
mit  Salzl6sung der Ionenst~rke o.13 und pH 7.15 aus dem ganzen Muskel extrahierbaren Proteins 
betr~tchtlich abnahm, blieb der Anteil der am schnellsten wandernden Komponente  (II) welche man  
in den Diagrammen unterscheidet,  konstant .  

Normale nlenschliche Muskeln untersehieden sich wenig yon normalen Kaninchenmuskeln.  Der 
ttache Zwischenteil der Diagramme, der im Fall des atrophierten Kaninchenmuskels  erhalten blieb, 
verschwand jedoch vollst~ndig im Fall der fiber mehrere Jahrzehnte  bestehenden, durch Immobili- 
sation verursachten menschlichen chronischen Muskelatrophie. Die Ursache dieses Unterschiedes 
k6nnte in der Dauer des Bestehens der Atrophie liegen, da sich die Atrophie des Kaninchenmuskels  
im Laufe einiger Wochen entwickelte. 
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