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Quant i ta t ive changes in the cap i l l a ry  bed of the g a s t r o c n e m i u s  musc le  of r a t s  were  studied 
a f t e r  divis ion of the sc ia t ic  ne rve .  The to ta l  (functioning) cap i l l a ry  bed was identified by 
in t ravenous  injection of black ink. Functioning cap i l l a r i e s  were  detected by the d i scovery  
of e r y t h r o c y t e s  in t he i r  lumen,  us ing  a h i s tochemica l  method for  demons t ra t ing  pe rox idases  
with the aid of benzidine and hydrogen peroxide .  The n u m b e r  of cap i l l a r i e s  and f ibe r s  was 
counted in t r a n s v e r s e  sec t ions  through the musc le  and the ~coefficient of cap i l l a r i za t ion"  
was ca lcula ted .  The invest igat ion showed that  the functioning cap i l l a ry  bed falls  by 36% 
during the f i r s t  10 days,  and the to ta l  cap i l l a ry  bed fal ls  by 28.6%in 20 days .  In the per iod 
of r e innerva t ion  (30th day) an inc rease  was obse rved  both in the to ta l  n u m b e r  of cap i l l a r i e s  
and in the n u m b e r  of functioning cap i l l a r i e s .  
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Although a few pape r s  on the p rob lem have been publ ished [2, 11-14, 16-18], the state of the m i c r o -  
c i rcu la t ion  in a denerva ted  musc le ,  notably the cap i l l a ry  bed, has r ece ived  li t t le study. In denervat ion  
a t rophy the n u m b e r  of cap i l l a r i e s  p e r  square  m i l l i m e t e r  sect ion of a musc le  has been shown [16] not to 
change during the f i r s t  month,  and not until  the end of the second month was a v e r y  sma l l  dec r ea se  in the 
n u m b e r  of cap i l l a r i e s  found. These  r e su l t s  were  i n t e rp re t ed  by the i r  d i s c o v e r e r s  as evidence of the ab-  
sence of se r ious  changes in the cap i l l a ry  ne twork  a f t e r  denervat ion .  No other  r e f e r e n c e s  to a quanti tat ive 
study of th is  p rob lem could be found in the l i t e r a tu r e .  

The object  of this  inves t igat ion was to study the state of the cap i l l a ry  bed of the gas t rocnemius  
m u s c l e  in r a t s  during the per iod  of denervat ion and re inerva t ion .  

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

Expe r imen t s  were  c a r r i e d  out on male  albino ra t s  weighing 180-200 g. The right sc ia t ic  nerve  was 
divided and su tured  [7]. The middle  pa r t  of the m e d i a l h e a d  of the r ight  ga s t rocnemius  musc le  was taken  
for  inves t igat ion on the 10th, 20th, and 30th days a f t e r  the opera t ion .  The co r respond ing  m u s c l e s  of in-  
t ac t  r a t s  s e rved  as the control .  The m u s c l e s  were  fixed in 25% glutaraldehyde [15]. T r a n s v e r s e  sec t ions  
50 # in th ickness  were  cut on a f reez ing  m i c r o t o m e .  The different  pa r t s  of the sec t ions  were  photographed 
under  s tandard  conditions on the MBI-6 m i c r o s c o p e ,  nega t ives  were  examined on the Mtkrofo to -MPO-1  
sc reen ,  and the num ber  of musc le  f ibers  and cap i l l a r i e s  was counted; the values  obtained were  e x p r e s s e d  
p e r  square  m i l l i m e t e r .  On the bas i s  of  these  r e su l t s  the coeff icient  of cap i l l a r lza t ion  was de te rmined  
by the equation: K= (number of cap i l l a r i e s  pe r  m m 2 / n u m b e r  of f ibe r s  p e r  m m  2) • 

Functioning cap i l l a r i e s  were  identified f rom the d i scovery  of e r y t h r o c y t e s  in t he i r  lumen,  us ing  a 
h i s tochemica l  method to detect  pe rox idases ,  with the aid of benzidine and hydrogen peroxide  (Fig. la ) .  The 
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TABLE 1. Functioning Capil lary Bed of Gast rocnemius  Muscle of 
Rats at Various Times af ter  Denervation (benzidine method); M ~m 

Time after 
Series denervation 
No. (days) 

I Control 
04) 

~o (8) 
20 (8) 

3o (lO) 

Number of capil- 
laries in 1 mm 2 

898226,7 

720"+22,3 (Pz<0,001) 
789• (P~=0,04; 

Ps-~0,15) 
1032+53,8 (P~=0,03; 

P8=0,003) 

Number of fibers 
in 1 mm 2 

580-++29,5 

721• 33,0 (P1=0,005) 
907~22,2 (PF(O,O01 ; 

P2<0,001) 
9722 59,0 (Pz<O,GO 1 ; 

P3=0,3) 

Coefficient .of 
capillarization (K) 

1552+-4,3 

100• (Pl<O,OOl) 
87~ 4,9 (P~<o,ooi; 

P2=0,09) 
10626,6 (pl<o,ool; 

P3=:0,04) 

Legend. Here and in Table 2, number  of animals in group is given 
in parentheses .  

TABLE 2. Total (pe r (usab le )Capi l l a ry  Bed of Gas t rocnemius  
Muscle of Rats at Various Times af ter  Denervation (ink me thod) ;  
M4-m 

Time after.! Number of capil- Series denervation[ 
No. (days) [ laries in 1 ram2 

7 

Contr01 
r 30 (D 

30 (S) 

(6)1 1146~22,0 (PF~0,001: 
/ 1188--28,7 (P5=0,3) 
~1394~- 43,3 (Ps<:O,O01; 
I p6=0,002 ) 

Number of fibers ] Coefficient of 
in 1 rnm 2 ] capillarization (K) 

I 
655 +17,5 [ 17523,7 (P1=0,002) 

950---34,3 (Ps<O,OOl) I 125+2, 9 (P5 <0,001) 
981• (Pa<O,OOl; ~ 14224,7 (Ps<o,ool; 

Ps=0'5) I P~=O,OI) 

whole capi l lary  bed ("functioning" or  per(usable) was demon- 
s t ra ted  by means of black ink (Fig. lb). For  this purpose 
the ink, purified by centrifugation (40 min at 8000 rpm) and 
warmed to 37~ was injected intravenously in a dose of 5 
ml/200 g body weight. The l iver  and spleen were f i rs t  l ig-  
ated so as to prevent  the absorption of ink by these organs.  
Statistical analysis  of the data was ca r r i ed  out by Pe t e r s '  
method, using Mollenhauer ' s  factor  [4]. 

Fig. 1. T ransve r se  section through 
normal  gas t rocnemius  muscle:  a) 
capi l lar ies  demonst ra ted  by benzidine 
method; b) capi l lar ies  demonstra ted 
by the use of ink. 200 • 

EXPERIMENTAL RESULTS 

In the 20 days that elapsed after denervation the number 
of muscle fibers per square millimeter transverse section 
increased by 1.5 times (Tables 1 and 2), on account of a cor- 
responding decrease in their diameter. From the 20th until 
the 30th day the decrease in diameter of the muscle fibers 
stopped. This was evidently due to reinnervation, for ac- 
cording to earlier observations [6, 7], it is at this time that 
the regenerating nerve can be seen to grow into the gastro- 
cnemius muscle; indeed, reinnervation affects the metabolism 
of the muscle at this period [3, 5]. However, motor activity 
had not yet been restored by the 30th day. 

The exper iments  to demonstrate  the state of the capi l lary  bed in the denervated muscle  by the ben- 
zidine method showed that the number  of capi l lar ies  per  square mi l l ime te r  was reduced by 20% on the 10th 
day, remained substantially unchanged during the next 10 days, and increased  by 13% from the 20th to the 
30th day (Table 1). The coefficient of capi l lar izat ion fell by 36%during the f i rs t  10 days, fell lower  still 
during the next 10 days, and rose by 22%during the period of reinnervat ion.  These resul ts  show that changes 
in the functioning capi l lary  bed during muscle atrophy are revealed more  c lear ly  by comparing the coef-  
ficients of capi l lar izat ion than by determining the number  of capi l lar ies  pe r  square mi l l imeter  of t r a n s -  
ve r se  section through the muscle .  In the la t ter  case no account is taken of the degree of muscle atrophy 
and the consequent unequal "shift" of the f ie ldof  vision, i.e., the intrusion of muscle f ibers and associa ted  
capi l lar ies  into the s tandard field of vision. 

The number  of capi l lar ies  detected by the ink method in the control  animals (Table 2) was g rea te r  
than the number  obtained by the benzidine method. Compar ison of these values shows that the functioning 
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Fig.  2. Dynamics  of changes in cap i l l a ry  bed of gas t rocnemius  m u s -  
cle a f t e r  denervat ion.  Continuous line - ink method;  broken line - 
benzidine method;  ~ denervat ion;  ~ re innerva t ion;  I) functioning capi l -  
l a ry  bed; 1I) r e s e r v e  cap i l l a ry  bed; III) undetectable  cap i l l a ry  bed. 

Fig. 3. T r a n s v e r s e  sect ion through blood cap i l l a ry .  Gas t rocnemius  
musc l e ,  20 days a f t e r  nerve  sect ion.  BM) Capi l l a ry  basemen t  m e m -  
brane ;  M) b o r d e r  of musc le  f iber ;  L) s l i t - l ike  lumen of capi l la ry ;  En 1 
and En 2) endothel ial  ce l l s .  Fixation: 2 %para fo rma ldehyde  + 2% OsO4; 
staining: u rany l  aceta te  + lead  c i t r a t e .  10,000 • 

(open) cap i l l a r i e s  in the gas t rocnemius  musc le  of r a t s  in a r e s t i ng  state accounted for  88.6%of the to ta l  
n u m b e r  of cap i l l a r i e s ,  the r emain ing  11.4%being in r e s e r v e .  These  r e su l t s  agree  with those  obtained by 
o ther  worke r s  [8, 10]. 

On the 20th day a f t e r  division of the ne rve  the number  of cap i l l a r i e s  pe r  square  m i l l i m e t e r  sect ion 
was not s ignif icant ly  changed in this  s e r i e s  (Table 2). However ,  the dec r ea se  in the coeff icient  of cap i l -  
l a r i za t ion  in this  case  pointed c l ea r l y  to a subs tant ia l  dec rea se  in the to ta l  number  of per fusab le  cap i l l a r i e s  
(functioning and r e s e r v e ) .  Consequently,  the to ta l  cap i l l a ry  bed in the per iod of denervat ion also was s ig -  
nif icantly reduced  (by 28.6%). An inc rease  both in the to ta l  n u m b e r  of  cap i l l a r i e s  pe r  square  m i l l i m e t e r  
and in the coeff ic ient  of cap i l l a r iza t ion  was found in the per iod  of re innerva t ion .  

The dynamics  of changes in the cap i l l a ry  bed in the per iod of denervat ion and re innerva t ion  is i l lus-  
t r a t ed  in the graph  (Fig. 2), which ~hows that  a f rac t ion  of cap i l l a r i e s  not demons t r a t ed  by the methods  used  
b e c o m e s  apparen t  a f t e r  denerva t ion .  In the per iod  of r e innerva t ion  it is on account of th is  f rac t ion  that  the 
n u m b e r  of r e s e r v e  and functioning cap i l l a r i e s  r i s e s .  

The e l e c t r o n - m i c r o s c o p i c  invest igat ion showed that  the dec r ea se  in the number  of cap i l l a r i e s  ob-  
s e rved  a f t e r  denervat ion was due to a reduct ion in the i r  lumen (Fig. 3). The r e su l t s  of these  expe r imen t s  
do not agree  with those obtained by Mrazkova  and Puzanova [16], who found no significant  dec rea se  in the 
n u m b e r  of cap i l l a r i e s  in a musc le  in the e a r l y  per iods  a f t e r  denervat ion.  The r ea son  is evidently d i f fe r -  
ences  in the methods  used.  F i r s t ,  they studied different  m u s c l e s  (semitendinosus,  caudofemora l i s ) ,  and 
second, they e s t i m a t e d  the s tate  of the cap i l l a ry  bed f rom the number  of cap i l l a r i e s  p e r  square  m i l l i m e t e r  
of sec t ion .  However ,  it follows f rom the r e su l t s  now descr ibed  that  this index is inadequate for  a s s e s s i n g  
the s ta te  of the cap i l l a ry  bed in a ske le ta l  musc le  during the development  of a t rophy in the musc l e .  Third,  
as t he i r  control ,  Mrazkova  and Puzanova used  the eon t r a l a t e r a l  musc le ;  it is known, however ,  that a f t e r  
divis ion of a ne rve  on one side,  a t rophic  changes,  although less  s eve re ,  also develop in the m u s c l e s  of the 
con t r a l a t e r a l  l imb.  

The p re sen t  expe r imen t  thus showed that  a f t e r  denervat ion of a ske le ta l  musc le  the per fusabi l i ty  of 
the cap i l l a ry  bed as a whole is reduced,  and so also is the number  of functioning cap i l l a r i e s .  In the r e in -  
nerva t ion  per iod opening of cap i l l a r i e s  is observed ,  thus improving  the nutr i t ion of the musc le  and, con-  
sequently,  faci l i ta t ing its r e c o v e r y .  The cap i l l a ry  bed responds  to denervat ion and re[nnervat ion  m o r e  
rap id ly  and intensively  than musc le  t i s sue .  

Prev ious  work in the w r i t e r s '  l abo ra to ry  showed significant  changes in the u l t r a s t r u c t u r e  and p e r -  
meabi l i ty  of cap i l l a r i e s  and, in pa r t i cu la r ,  of venules  in the per iod  of denervat ion,  f rom which it was con-  
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cluded that significant changes take place in the microcirculation in neuroregulatory disorders and that 
microcireulatory disturbances play an important role in the development of neurogenic dystrophies [1, 9]. 
The results of the present investigations confirm these conclusions. 
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