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Elec t r ica l  activity of the smooth-musc le  cells of the ve ry  smal l  blood vesse ls  in the rues-  
ea tery  of the smal l  intestine of an albino rat  was recorded with an ext race l lu lar  p re s su re  
microelee t rode .  Local application of procaine solution revers ib ly  depresses  the genera-  
tion of spontaneous action potentials of the smooth-musc le  cells,  and injection of hexameth- 
onium and pre l iminary  reserpinizat ion are  less effective. The dynamics of the bioelec-  
t r ica l  p rocesses  recorded f rom the blood vesse l  wall with the tip of the microe lec t rode  in 
various positions relative to it is described.  

Spontaneous and evoked electr ical  activity of the smooth muscles  in smal l  blood vesse ls  have been 
described as the resul t  of experimental  investigations on various animals [4, 9-11, 14-16]. The new e lec-  
t rophysiological  investigations which have been undertaken, in conjunction with the other evidence, have 
demonstrated that smooth-musc le  cells  of te rminal  blood vesse ls  possess  a number  of special  physiologi-  
cal  features which distinguish them from the smooth-musc le  cells in the wall of large trunk vesse ls  [2, 7, 
8, 10, 12, 13]. These differences are attributed to the fact that the function of the smooth-muscle  cells of 
te rminal  blood vesse ls  determines  the state of the microci rcula t ion  in the region supplied as a whole, un- 
der  normal  and pathological conditions. The dynamics of e lec t r ica l  activity of the smooth-muscle  cells of 
the terminal  blood vesse ls  is therefore  interest ing not only on its own account, but also in connection with 
the investigation of changes in this mic roc i rcu la to ry  system.  

In the investigation descr ibed below, spontaneous e lect r ical  activity recorded from the wall of small  
blood vesse ls  in the mesen te ry  of the albino rat  was studied by a microe lec t rode  technique. 

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

Experiments  were ca r r i ed  out on rats  anesthetized by in t ramuscula r  injection of a mixture of u r e -  
thane and chloralose (1.0 and 0.1 g / k g  respectively) or  with nembutal (40 mg/kg) .  A loop of small  in tes-  
tine was brought out through an incision in the abdominal wall and placed on a small  table with a V-shaped 
hollow in such a way that the s tretched mesen te ry  lies above a perforat ion in the table through which light 
passes .  Before the beginning of the experiment the top part  of the table and this perforat ion were covered 
with a layer  of liquid aga r -aga r ,  made up in physiological saline, which formed a lining under the thin, 
s t retched mesentery  af ter  it had solidified. The loop of intestine was i r r igated with Ringer ' s  solution (pH 
7.3-7.5) at a temperature  of 35-37~ 

Vessels  principally of the small  intestine were chosen for  investigation: a r te r io les ,  metar te r io les ,  
sphincters ,  and venules f rom 10 to 50 p in d iameter  [5]. Potentials were recorded with a glass mic roe l ec -  
trode (tip 0.8-1.5 p in diameter) filled with 2.5 M KC1 solution. The reference electrode was a s i lver  disc 
in the agar  block under the mesentery .  

The potentials were amplified with a wide-band (0.1-15,000 Hz) UBP1-0.2 ac amplif ier ,  while in 
some experiments a dc amplif ier  of the same sys tem was used. The microe lec t rode  was connected to the 
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Fig. 1. Spontaneous bioelect r ical  activity by a p res su re  electrode 
from blood vesse l  walls in the rat  mesen te ry  and changes in this 
activity during the action of procaine solution. A) Recordings f rom 
vesse ls  of different types:  1) ar ter io le  400 ~ ; 2) a r te r io le  30 ~; 
3) sphincter  region of vesse l  15 ~; 4) venule 20 ]z; 5) venule 80 ~. 
Time cal ibrat ion here and la ter  100 msec (for 1-500 msec),  ampli -  
tude cal ibrat ion 0.5 mV; upward deviation cor responds  to posi-  
tivity. B) Recordings f rom wall of a r te r io le  30 # in diam. in the 
rat  mesentery .  Top curve shows background, each subsequent curve 
30 sec af ter  application of procaine.  

i !11 , ii I 

Fig. 2. Dynamics of bioelectr ieal  
activity recorded from vesse l  wall 
with microe lec t rode  tip in different 
positions relative to the wall (ex- 
planation in text). 

sys tem through a cathode follower in an a symmet r i ca l  c i rcui t :  
input res is tance  300 m~2, grid cur ren t  of the input tubes less than 
1 �9 10 -1l A. A type S1-19 osci l loscope was used for  visual  o b s e r -  
vation and recordings  were made on a type 100-V Ioop osc i l lo -  
graph. 

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

The general  b ioelectr ical  activity recorded f rom a group 
of cells  by an ext racel lu lar  p ressu re  electrode [6, 15], inserted 
into the vesse l  wall by means of a micromanipulator ,  is i l lus-  
t ra ted in Fig. 1A. The e lec t r ica l  activity of a fair ly large a r t e -  
r iole of the mesen te ry  (400 p) consis ts  of regular  biphasic waves, 
100-170 msec in duration and reaching 0.5-0.6 mV in amplitude, 
cor responding  in their  temporal  pa ramete r s  to the pulse waves 
of the vesse l .  Besides the slow waves descr ibed above [3, 15, 
16], smooth-musc le  cells of a r te r io les  20-50 # in d iameter  gen- 
erate  fas te r  potentials 20-50 msec in duration, combined with 
spike-like waves 5-10 msec in duration. Smooth-muscle  cells  
of te rminal  a r te r io les ,  15-20 /~ in diameter ,  and sphincters  gen- 

erate  spontaneous mono-  or  biphasic action potentials of somewhat shor t e r  duration than the cells of l a rge r  
vesse ls .  It is difficult to record  e lec t r ica l  act ivi ty of smooth-musc le  cells in the walls of small  venules 
20-30 # in diameter ,  evidently because of the diffuse a r rangement  of the muscle elements in the wall of 
venules of this size.  

When the bioelect r ical  activity was recorded from la rge r  venules, 50-100 # in diam. the picture ob- 
served was the same in principle as when activity was recorded f rom ar te r io les  of the same diameter ,  
but no pulse activity could be observed even in the l a rge r  venules. 
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By using this method of gradual  inser t ion  of the mic roe l ec t rode  into the blood v e s s e l  wall,  the dy-  
namics  of the e l ec t r i ca l  potentials could be obtained with the tip of the mic roe lec t rode  in different pos i -  
t ions re la t ive  to the ve s s e l  wall  (Fig. 2). If the t ip of the mic roe l ec t rode  was in the adventi t ia,  aper iodic  
slow waves  s i m i l a r  to changes of potential  descr ibed  prev ious ly  [3] were  recorded .  If the e lect rode was 
inser ted  2-3 p deeper  and v e r y  slight p r e s s u r e  exer ted on the v e s s e l  wall,  immedia te ly  a f te r  the negative 
potential ,  which evidently re f lec t s  the magnitude of the m e m b r a n e  potential  of the single s m o o t h - m u s c l e  
cel l  lying immedia te ly  under  the mic roe l ec t rode ,  the cha rac t e r i s t i c  waves  of potential  descr ibed  above 
were  recorded,  ref lec t ing act ivi ty  of the s m o o t h - m u s c l e  ce l l s  of the v e s s e l  wall .  If the endothelial  l aye r  
was punctured by the mic roe l ec t rode ,  o r  if the lumen of the ve s se l  was par t ly  closed by the deformed in-  
t e rna l  wall,  a ve ry  h igh-f requency e lec t r i ca l  act ivi ty  was recorded ,  combined in some cases  with slow 
waves .  There  is r eason  to suppose that h igh-f requency act ivi ty of this type,  which is also recorded  in 
l a r g e r  v e s s e l s  [1, 4], does not re f lec t  the act ivi ty  of the s m o o t h - m u s c l e  ce l l s  of the v e s s e l  wall  [1]. 

Loca l  applicat ion of procaine (0.02 ml  of a 0.1% solution) to the region of the r ecord ing  e lec t rode  
produced r e v e r s i b l e  changes in e l ec t r i ca l  act ivi ty.  Af ter  20-30 see the ampli tude of the potentials was 
reduced a lmos t  to zero ,  r ecove r ing  during the next 1-1.5 rain, and pass ing  through a s e r i e s  of success ive  
s tages  in the p roce s s  (Fig. 1B). The line~ir veloci ty  of the blood flow was sl ightly reduced by the action 
of procaine,  evidently on account of the slight dilation of the va scu l a r  bed. Inject ion of the gangl ion-block-  
ing agent hexamethonium (10 m g / k g ) ,  on the o ther  hand, caused no significant changes in e l ec t r i ca l  ac t iv i -  
ty, although in some expe r imen t s  a slight dec r ea se  in ampli tude of the waves  was observed,  followed by 
the i r  r ecove ry .  During the action of hexamethonium, v e r y  slight hype remia  of the m e s e n t e r y  was ob-  
se rved ,  but this did not give r i s e  to any significant hemodynamic changes.  P r e l i m i n a r y  adminis t ra t ion  of 
r e s e r p i n e  to the an imals  (total dose 2 m g / k g )  l ikewise led to dilation of the t e rmina l  blood v e s s e l s  and 
v e r y  sl ight hyperemia ,  although the spontaneous e l ec t r i ca l  act ivi ty  continued to be recorded ,  and isolated 
v a s o m o t o r  r e sponses  of the sphinc ters  were  actual ly  observed .  So f a r  as the effect  of the depth of anes the -  
s ia  on genera l  spontaneous e l ec t r i ca l  act ivi ty  is concerned,  an inc rease  in the number  of s i lent  ce l l s  was 
found with deepening of the anes thes ia .  

The d i rec t  action of these  drugs  on the s m o o t h - m u s c l e  ce l l s  of the sma l l  blood v e s s e l s  was thus suf -  
f icient ly effective to produce changes  in the i r  e l ec t r i ca l  act ivi ty.  
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