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Changes in the configurat ion of a r t e r i e s  and veins during cont rac t ion  of the submaxi l l a ry  
musc le  of f rogs  were  studied by in t ravi ta l  m i c r o s c o p y  in o rde r  to de te rmine  whether  the h i s -  
tomechaniea l  hypothesis  of working h y p e r e m i a  can se rve  to explain the changes taking place 
in the configurat ion of the v e s s e l s  during contract ion of a skele ta l  musc le .  During te tanie  
cont rac t ion  of the musc le  changes a r i s e  in the configurat ion of the a r t e r i e s  and veins ( f rom 
30 to 120 p in d iamete r ) .  The predominant  type of change is shortening along the axis of the 
vesse l .  Bes ides  changes in length of the v e s s e l s ,  o ther  changes were  d iscovered:  s t r a igh t -  
ening out or  sharpening of exis t ing  cu rves  and the appearance  of new curves .  

Dilation of blood v e s s e l s  of ske le ta l  m u s c l e s  during working h y p e r e m i a  takes  place through re laxa t ion  
of thei r  myogenic  tone, and an impor tan t  ro le  in this p r o c e s s  is played by the mechan ica l  fac tor :  s t r e t ch -  
ing of the smooth m us c l e s  of the t e rmina l  a r t e r i o l e s  [5]. According to the h i s tomeehanica l  hypothes is  of 
working h y p e r e m i a  of ske le ta l  m u s c l e s  [3, 7], contract ion of the musc le  f ibers  mus t  lead to a change in the 
configurat ion of the t e rm i na l  a r t e r i o l e s .  I t  is postulated that this change m a y  reduce  the deformat ion  of the 
p a c e m a k e r  m e m b r a n e  and thus lead to a dec rease  in myogenic  tone, i .e. ,  to the development  of working 
hype remia .  

Th i s  hypothes is  was t es ted  by in t ravi ta l  m i c r o s c o p y  of the blood ve s se l s  of the submaxi l l a ry  musc le  
in f rogs  [6]. A prev ious  invest igat ion showed that during s imul taneous  s t imulat ion of the r ight  and left  
mandibula r  ne rves  the d i sp lacement  of the musc le  does not exceed 50-100 ~ [2]. In this way observa t ions  
actual ly can be made on changes in the configurat ion of the v e s s e l s  during cont rac t ion  of the musc le  and 
the changes can be photographed.  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 39 f rogs  (Rana t empora r i a )  weighing 30-35 g under genera l  anes the-  
sia (2-2.5 ml  10% ure thane  solution injected into the lymph sac).  The skin cover ing  the submaxi l l a ry  m u s -  
cle was divided, carefu l ly  s t r ipped,  and r emoved .  The m u s c l e s  (submental ,  genioglossus,  geniohyoid, hyo-  
glossus)  and the tongue were  r em oved  through the mouth. The mandibula r  n e r v e s  running along the outer  
sur face  of the mandible  were  d issec ted  on both s ides and divided. The f rog  was p laced on i ts  back in a 
specia l  chambe r  [4] fixed to the p repa ra t ion  s tage of the MBI-6  m i c r o s c o p e .  The musc le  was placed be-  
tween two t r a n s p a r e n t  p las t ic  s labs  held together  by a weak spr ing.  The space between the musc le  and the 
top s lab was fil led with physiological  saline~ Each  mandibula r  nerve  was placed on unipolar  s i lve r  e l ec t rodes  
mounted between the s labs .  The submaxi l l a ry  musc le  was i l luminated f rom inside the mouth by means  of 
a spec ia l  l amp [4]. Observa t ions  were  made with 3.5• and 9x objec t ives .  Mikra t -200  film was used for  
photography.  Both mandibula r  ne rve s  were  s t imula ted  for  3-120 sec  by pulses  of cu r r en t  (0.15 m s e c ,  30 
sec  -~) of inc reas ing  amplitude.  These  p a r a m e t e r s  were  chosen on the bas i s  of e a r l i e r  observa t ions  [2] 
showing that  te tanus  is complete  at a f requency of 30 sec  -1, 
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Fig. 1 Fig. 2 Fig. 3 

Fig. 1. Photomicrograph  of vein (d iameter  84/~ ) in res t ing  muscle  (a) and during cont rac-  
t ion (b); shortening of vesse l  along axis during contract ion of muscle  (objective 3,5, o c u l a r  
10). 

Fig. 2. Photomicrograph  of a r t e r y  (d iameter  of main trunk 48 ~ ,  of r ight  branch 39 # ) in 
r e s t ing  muscle  (a) and during contract ion (b); lengthening along axis and straightening of 
cu rves  of main trunk; shortening along axis  and sharpening of curves  of r ight branch during 
muscu la r  contract ion (objective 3.5, ocular  10). 

Fig. 3. Photomicrograph  of a r t e r y  (d iameter  of main trunk 68 ~ ,  of r ight  branch 40 ~ ,  and 
of left  branch 37/~ ) in r e s t ing  muscle  ~a) and during contract ion (b); shortening of branches  
along axis and appearance of sharp curves  in main trunk and also in r ight  branch during 
muscu la r  contract ion (objective 3.5, ocular  10). 

TABLE 1. Distr ibution of Number of 
Ar t e r i e s  and Veins by Charac te r  of 
Changes in T h e i r  Long Axis during 
Muscula r  Contract ion 

Character of changes 

Number of 
vessels 

I ~  Vet rx~ 

Shortening along axis . . . . . . .  
Lengthening . . . . .  
No cnange . . . . . . .  

T o ~ l  

86 19 

19 85 

64 60 

E X P E R I M E N T A L  R E S U L T S  

Many capi l lar ies  running along the muscle  f ibers  could 
be seen on the surface of the muscle .  Vesse ls  of l a r g e r  cal iber  
were  much less  frequent .  Most  a r t e r i o l e s  and venules were  
located in the in te rmuscu la r  layer ,  and for  that r ea son  thei r  
outlines could not be c lea r ly  distin'guished. 

Having de termined  f rom the direct ion of the blood flow 
whether  a pa r t i cu la r  vesse l  was an a r t e r y  orve in ,  it  was photo- 
graphed before ,  during, and a f te r  st imulation of the nerves .  

The sharpes t  changes in the configuration of the a r t e r i e s  
and veins during contract ion of the muscle  can be divided into 
two groups: 1> shortening along the long axis (Fig. 15, and 25 
lengthening along this same axis  (Fig. 2). The number of ves-  
se ls  belonging to this group and the number  of vesse l s  whose 
configuration was unchanged a re  given in Table 1. 

Analysis  of all  the observat ions  (64 a r t e r i e s  and 60 veins f rom 30 to 120 ~z In diameter)  showed that 
changes in configuration of the vesse l s  a r i s ing  during muscular  contract ion were  unrela ted to their  ca l iber  
or  to the i r  a r r angemen t  re la t ive  to the muscle  f ibers .  Since the subsequent examination does not r equ i re  
any more  detai led classif icat ion of the small  blood vesse l s ,  they will be descr ibed  in general  t e r m s  as a r -  
t e r i e s  o r  veins. 

738 



Simultaneously with a dec rea se  or  i nc rea se  in length of the v e s s e l s  during muscu l a r  contract ion,  
other changes in thei r  configurat ion also a ro se :  exis t ing curves  were  s t ra ightened out or ,  converse ly ,  
sharpened  and new cu rves  appea red  (Figs.  2 and 3). 

With an inc rease  in ampli tude of the s t imul i  and, cor respondingly ,  with an i nc rea se  in the number  of 
cont rac t ing  musc le  f ibe r s  the changes in  configurat ion of the ve s se l s  usual ly  i nc rea sed  in sever iW to r e a c h  
a m a x i m u m  contrac t ion  of the musc le .  

At the beginning of te tanic  cont rac t ion  of the musc le  the blood flow in m o s t  a r t e r i e s  and veins slowed 
down or stopped. However ,  f rom 2 to 40 sec a f t e r  the beginning of muscu l a r  contract ion,  the blood flow 
showed a slight inc rease ,  although as  long as  the musc le  continued to con t rac t  it r e m a i n e d  slow. 

The fact  that  the blood flow became  much s lower  or  s topped comple te ly  indicates  the onset  of com-  
p r e s s i o n  of the v e s s e l s .  In fact ,  during m u s c u l a r  contract ion the lumen of some of the a r t e r i e s  and veins 
was reduced  in size.  Usua l ly  the dec rea se  in d i ame te r ' d id  not exceed 15-30% of i ts  initial  value.  The r e a s o n  
why in these  expe r imen t s  cons t r ic t ion  of the lumen of the ve s se l s  during muscu l a r  cont rac t ion  was com-  
pa ra t ive ly  r a r e  is evidently that ve s s e l s  on the sur face  of the musc le  were  observed.  According to Andro-  
nov and Manvelyan [1], ve s s e l s  in the in te r ior  of the musc le  undergo sha rp  c o m p r e s s i o n  in a d i rec t ion  p e r -  
pendicular  to the course  of the f i be r s .  

Af ter  cont rac t ion  of the musc le  in 80% of cases  there  was a cons iderable  acce l e r a t i on  of the blood 
flow in the a r t e r i e s  and ve s s e l s .  The dec rea se  in the l inear  velociW of the blood flow to its init ial  value 
occupied about 2.5-5 mira If the init ial  veloci ty  of the blood flow was ve ry  grea t ,  it was difficult to de t e r -  
mine whether  the blood flow was a c c e l e r a t e d  a f te r  m u s c u l a r  cont rac t ion  pure ly  by visual  observa t ions .  

The r e su l t s  of these e x p e r i m e n t s  thus conf i rmed  the bas ic  assumpt ion  of the h i s tomechan ica l  hypoth-  
e s i s  of working hype remia ,  namely,  that  the change in configurat ion of the smal l  blood v e s s e l s  in a ske l e -  
tal  musc le  takes  place as the r e s u l t  of i ts  contract ion [3, 7]. Meanwhile it was  found that not only the t e r -  
mina l  a r t e r i o l e s ,  but a l so  blood ves se l s  up to 120 u in ca l iber  and both a r t e r i a l  and venous in c h a r a c t e r ,  
undergo changes of this type~ Although the changes in the configurat ion of the v e s s e l s  could v a r y  in ch a r ac -  
t e r ,  the predominant  type was shor tening of the v e s s e l s  along the axis and the fo rmat ion  of cu rves  or the 
sharpening of exis t ing curves  in the r e s t i ng  musc le .  

It  is a ve ry  in te res t ing  fact  that changes in the configurat ion of the a r t e r i a l  ve s se l s  a r i s e  twice as  
f requent ly  as those in veins (Table 1). This  fact  probably  means  that the organizat ion of the connect ive-  
t i s sue  s t ruc tu r e s  r e spons ib le  for  a t t achment  of the a r t e r i e s  and veins to the bundles of musc le  f ibe r s  v a r i e s .  

I t  is difficult to accept  that m a r k e d  changes in the configurat ion of the blood ve s se l s  during mu scu l a r  
cont rac t ion  would not modify  the state of the i r  smooth musc le s .  If such an effect  takes  place,  accord ing  to 
the h i s tomechanica l  hypothesis  of working hype remia ,  it could be the cause of the dec rea se  in myogenic  
tone of the v e s s e l s  and, consequently,  of the i r  dilatation. 
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