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Kinematic and electr ical  systems of a two-channel perfusion apparatus with an automatic regulating 
device for automatic perfusion of thu vessels  of an investigated organ are  described. The level of the p e r -  
fusion pressure  is stabilized and simultaneous recordings can be made of the blood pressure  and flow on a 
kymogruph. 

Quantitative analysis of changes in the resis tance of the vessels  to the blood flow can be undertaken 
e i ther  by measuring changes in perfusion p ressure  when the blood flow is stabiHze.d or  by measuring 
changes in the blood flow when the p ressure  in the per[used region is stabilized. The  method of recording 
changes in vascular  resis tance during perfusion with a constant minute volume has become f i rmly es tab-  
lished in experimental pract ice following the work of V. M. Khayutin [2--4]. The method of measuring 
changes in hydraulic res is tance during changes in blood flow have not been Widely adopted because of the 
absence of per[usion pumps provi~ng  for automatic stabilization of p ressure  and continuous recording of 
the a r te r ia l  blood inflow into the organ. The various perfusion systemshi ther tosuggested [1, 5, 7] do not 
fully meet  these requirements .  

The suggested pump is built on the basis of a resist0graph as made b y  the experimental design w o r k -  
shops at  the A. A. Bogomolets Institute of Physiology, and unlike other  perfusion systems it can work on 
e i ther  a constant output or  a constant p ressure  r eg ime .  In the lat ter  case, besides recording the perfu-  
sion p ressu re ,  the blood flow in the main a r t e r y  of the organ is recorded continuously on a kymo~'aph. The 

Fig. 1. General diagram of the apparatus. Explap~ion 
in text. 
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To ~esst~e detector 

F ig .  2. Theore t i ca l  e l ec t r i ca l  c i rcu i t  of two-channel  
commuta t ive  e lement .  Pl' P2) e l ec t romagne t i c  r e l a y s .  
a l ,  b t ,  a2, b2) contacts  of r e lays ;  t 1, t2) t r a n s i s t o r s .  
Connections to r e v e r s i b l e  e l ec t r i c  mo to r s ;  K l, K 2, 
K 3, K 4) l imi t  swi tches .  

Fig.  3. Reacs of c o r o n a r y  v e s s e l s  to i n t r a -  
c o r o n a r y  inject ion of 1 pg h}~pertensi n, r e -  
corded  under  conditions of au tomat ic  p r e s s u r e  
s tabi l iza t ion  (A) and of output s tab i l iza t ion  (B). 
F r o m  top to bottom: output of p u m p - v o I u m e o f  
blood flow in c i r c u m f l e x  b ranch  of left  c o r o n a r y  
a r t e r y ,  r e s i s t o g r a m  of c e r e b r a l  v e s s e l s ,  gene -  
ra l  a r t e r i a l  p r e s s u r e ,  ze ro  l ines  of m a n o -  
m e t e r s ,  muzzler of s t imula t ion ,  and t ime  m a r -  
k e r  (I0 see) .  The l ines  of the s t imula t ion  and 
t ime m a r k e r s  a r e  a l so  ze ro  l ines  of m a n o -  
m e t e r s .  

pe r fus ion  tog/ rues  can be quickly in terchanged in the course  of the e x p e r i m e n t  and no addit ional  man ipu l a -  
t ions are n e c e s s a r y  o the r  than inclusion or  exclusion of the au tomat ic  regula t ing s y s t e m .  

The pe r fus ion  appa ra tus  (Fig. 1) cons is t s  of a pumping s y s t e m ,  including a p lunger  pump (1), con- .  
n e c t e d h y d r a u l i c a t l y w i t h a  de l i ve ry  unit (2) through which the blood flow is  d i rec ted  by means  of  w, d v e s  (3), 
an  au tomat ic  regula t ing  s y s t e m  (4.-6), and a record ing  s y s t e m  (8). 

The output of the pump is  cont inuously recorded  on the kymograph  as  v e r t i c a l  l ineswhose  length c o r -  
respond  to the movemen t s  of the working p l u n g e r - t h e  s t r o k e  volume of the pump. The connection between 
the output pen  and the p lunger  of the pump is effected by mechan ica l  o r  h~<h'autic t r a n s m i s s i o n .  

The au tomat ic  device regula t ing p r e s s u r e , s h o u l d  deviat ions odcur ,  cons i s t s  of the following compo-  
ea ts :  1) a sens i t ive  e l emen t  de t e rmin ing  the actual  value of the p a r a m e t e r  to be c o n t r o l l e d - t h e  per fus ion  
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p r e s s u r e - a t  a given moment ;  2) a m a s t e r  e l emen t  br inging the per fus ion  p r e s s u r e s  ~o the requ i red  level;  
3) a commuta t ive  elemen~ (5) a l t e r ing  the working r eg ime  of the s y s t e m  depending on the c h a r a c t e r  of de -  
*Aation of the m o m e n t a r y  value of the perfus ion p r e s s u r e  f rom the ass igned  value;  4) an opera t ive  e l emen t  
(a RED-6  r e v e r s i n g  e l ec t r i c  motor ;  Fig.  I) .  In a s s e m b l i n g  the appara tus  the sens i t i ve  and m a s t e r  e l emen t s  
a r e  combined into a p r e s s u r e  de tec to r ,  PD (4). This  cons i s t s  of a V-shaped m e r c u r y  m a n o m e t e r  with a m -  
p l i f i e r  and hvo (moving and stat ic)  contacts  which a r e  c losed o r  open by changes  in the m e r c u r y  level .  By 
d i sp l acemen t  of the moving contacts  the pe r fus ion  p r e s s u r e  can be es tab l i shed  a t  the r equ i red  level .  

B y  changing the d i a m e t e r  of the m e r c u r y  m a n o m e t e r  and the m a s s  of m e r c u r y  in it, opt imal  a g r e e -  
m e a t  between the t ime constant  of the e l em en t  of the au tomat ic  regulat ing s y s t e m  can be obtained,  which 
i n c r e a s e s  the s tab i l i ty  of the s y s t e m  and fac i l i t a tes  work with the appara tus  under  a s i a t i c  condit ions.  The 
p r e s s u r e  de t ec to r  is  connected in pa ra l l e l  with the control  m e r c u r y  m a n o m e t e r  (9), and both re f lec t  the 
p r e s s u r e  a t  the output of the pump.  An e s sen t i a l  condition is  that  the iner t ia  of the working and control  
m a n o m e t e r s  mus t  be equal.  

The  theore t ica l  e l ec t r i ca l  c i rcu i t  of  the two-channel  commuta t ive  e l emen t  is  give n in Fig .  2. Each 
channel inc ludes  an  e l ec t romagne t i c  r e l ay ,  which can switch the winding of the r e v e r s i b l e  e l ec t r i c  m o t o r ,  
depending on the signal  a r r i v i n g  f rom the PD, to turn its r o t o r  in the co r re spond ing  d i rec t ion ,  and a t r a n -  
s i s t o r i z e d  ampl i f i e r .  The l a t t e r  ampl i f i e s  the c u r r e n t  pa s s ing  through the contac ts  of the PD to a Value 
suff ic ient  to opera te  the re lay .  To avoid overhea t ing  of the PD contacts  the c u r r e n t  through them mus t  not 
exceed  0.3-0.5 mA. 

Depending on changes in pe r fus ion  p r e s s u r e  re la t ive  to the ass igned  leve l ,  the PD contacts  m a y  be 
e i t h e r  c losed o r  open. Correspondingly ,  the t r a n s i s t o r  ~vill be e i t he r  nonconducting, in which case  the r e -  
l ay  does  not ope ra t e ,  o r  open,  in which the case  the r e l a y  o p e r a t e s .  The d i rec t ion  of  ro ta t ion  of the mo to r ,  
the pos i t ion  of the moving  c a r r i a g e ,  and consequent ly  the output of the pump change corre 'spondingly.  

Since the pump works on a pulsa t ing  r e g i m e  (100 pu lsa t ions / ra in) ,  opera t ion  of the au tomat ic  r e g u -  
Iat ing s y s t e m  takes  p lace  twice in the cou r s e  of each  working cycle  of t h e p u m p ,  f o r  an  i n c r e a s e  in p r e s -  
su re  in the de l ive ry  phase  leads  to c losure  of the PD contacts  and a lower ing of p r e s s u r  e in the suct ion 
phase  c a u s e s  them to open. If the r e s i s t a n c e  at  the output of the pump r e m a i n s  unchang-ed, the t ime  of 
c los ing and opening of the PD contacts  and of the change in output of the pump in e i t h e r  d i rec t ion  will c o r -  
respondingly  be equal,  and the s y s t e m  is in dynamic  equi l ibr ium mainta in ing the m e a n  value of the p e r f u -  
si0n p r e s s u r e  unchanged. 

An i nc r ea se  in r e s i s t a n c e  to the blood flow in the pe r fused  region leads to an init ial  i nc rea se  in p r e ~ -  
su r e .  During each  working cyc le  of the pump the t ime  of c los ing of the PD contac ts  will be g r e a t e r  than 
the t ime  of t he i r  opening. Accord ingly ,  the d e c r e a s e  in output of the pump will exceed  i ts  i n c r e a s e .  The 
dynamic  equi l ibr ium of the s y s t e m  is shif ted toward a d e c r e a s e  in output of the pe r fu s ion  pump and is 
e s t ab l i shed  a t  new values  of output and r e s i s t a n c e .  The opposi te  changes take p lace  when the r e s i s t a n c e  
to the blood flow is d e c r e a s e d .  

E x a m p l e s  of r eac t ions  of the c o r o n a r y  v e s s e l s  When pe r fu sed  under  conditions of au tomat i c  p r e s s u r e  
s tab i l i za t ion  (A) and constant  output (B), a r e  given in Fig. 3. The au tomat ic  r egu la t ing  s y s t e m  e n s u r e s  s a -  
t i s f a c t o r y  s tabi l iza t ion  of the per fus ion  p r e s s u r e .  Quanti ta t ive ana ly s i s  of the v a s o m o t o r  r eac t ion  in the 
f i r s t  case  is based  on changes in the output of the pump supplying blood to the c o r o n a r y  v e s s e l s .  The hy -  
d rau l ic  r e s i s t a n c e  dur ing pe r fus io  n of  the o rgan  a l ~ a y s  i nc rea sed  m o r e  with a u t o m a t i c  p r e s s u r e  s tabi l iza : -  
t ion (R l) in v a s o c o n s t r i c t o r  r eac t ions  than dur ing perfus.ion a t  constant  Output (method of r e s i s t o g r a p h y ,  R2). 
In the kymogr~mn  given, for  i n s t a n c e ,  inject ion of equal doses  of hyper tens in  (1 pg) into the c o r o n a r y  blood 
flow i n c r e a s e d  the r e s i s t ance  of the v e s s e l s  in the f i r s t  case  by 89%, but in the second  by  0nly 17% of the 
initial  level .  This  d i f ference ,  a l so  obs e rved  by o ther  inves t iga to r s  [6], is due to the absence  of the s t r e t c h -  
ing e f fec t  of  the inc reased  i n t r a v a s c u l a r  p r e s s u r e  in the f i r s t  case  and to i ts  p r e s e n c e  dur ing  r e s i s t o -  
g raphy .  
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