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Experimental and clinical observations have shown that the fall of blood pressure induced by drugs may be 
accompanied by opposite changes of vascular resistance [1-3, 8]. There is some evidence [i, 3, 5, 8] to sug- 
gest that changes in the vascular resistance to the blood flow caused by drugs depend on the initial functional 
state of the circulatory system. We know [6] that one of the main parameters of the functional state of arteries 
is their distensibility, which can be evaluated by analyzing" the static flow-pressure curves, which in the Soviet 
literature have been called "flow characteristics" [7]. However, no direct experimental data have been obtained 
to show relations between the effect of vasodilator drugs and the initial distensibility of the vessels. 

The aim of this investigation was to quantify distensibility.- of the blood vessels and to reveal the relation- 
ship between distensibility of arteries and the action of certain vasodilator drugs. 

EXPERIMENTAL METHOD 

Altogether 25 experiments were conducted on anesthetized (urethane 800 mg/kg, sodium hydroxybutyrate 
800 mg/kg), curarized cats with artificial ventilation of the lungs. The systematic circulation was perfused by 
the method in [4], with the natural circulation and oxygenation of the blood maintained in the pulmonary circula- 
tion. To determine the flow characteristics, stepwise changes in the perfusion volume (Q) were produced and 
the levels of perfusion pressure when stabilized after 1-3 rain were recorded with an electromanometer (P). 
Perfusion volumes were chosen within a range such that the corresponding values of perfusion pressure in the 
initial state of the animals varied between 70 and 130 mm Hg. The flow characteristics were determined be- 
fore and after intravenous injection of papaverine (2 mg/kg), phentolamine (i mg/kg), and dihydroergotamine 
(0.5 mg/kg). 

The flow characteristics were approximated by means of the power function: 

Q=~P~ or lg Q=lg ~ + ~ l g p ,  (1) 

where  fi is a sca le  fac tor ,  a the power  index cha rac t e r i z ing  dis tensibi l i ty  of the va scu l a r  bed. In equation (1), 
when descr ib ing  the undistended vascu la r  bed, c~ has  the value of 1. Correspondingly' ,  when descr ib ing the v a s -  
eular  bed when i ts  r e s i s t a n c e  to a r i s e  of p r e s s u r e  was ine reased ,  0 < a < t ,  and for  ve s se l s  whose r e s i s t a n c e  
dec reased ,  a > 1. The index p numer i ca l l y  c h a r a c t e r i z e s  the sca le  of the flow c h a r a c t e r i s t i c s  fo r  me blood 
flow and, consequently, it is the functional equivalent of the geometric size of the vascular bed. 

The effect of drugs of the flow characteristics was assessed in each experiment by means of the equation 

lg Q=lg ~ + F l g  (~2/~1)z-a~ lg P +(a2--ct~)Flg P, (2) 

where  the index "1" denotes p a r a m e t e r s  before ,  and the index "2" those  a f t e r  inject ion of the drug, the p r e p a r a -  
tion f ac to r  F had the value of 0 (for the flow c h a r a c t e r i s t i c s  in the initial state) and i (after  injection of the drug).  
P a r a m e t e r s  of the flow c h a r a c t e r i s t i c s  before  inject ion Clog ilia1), and the i r  changes in r e sponse  to injection of 
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the drug [log ( ~ 2 ] / ~ 1 ) ,  (C~ 2 --  0~1)] we re  calcula ted on the SM-3 computer ,  using a mult iple  step r e g r e s s i o n  p r o -  
g r a m .  The effect  of the drugs  on p r o p e r t i e s  of the va scu l a r  bed was analyzed s ta t i s t ica l ly  by the use  of models  
of the kind: 

a . - - a l = f ( a  1, lg~l), lg~2--1g~=/(~, lg~, a2--a~), (3) 

which acqui red  a concre te  fo rm,  also with the aid of a mult iple  step r e g r e s s i o n  p r o g r a m .  

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

Mean values  of ~l  and log fil for  25 expe r imen t s  in the initial  s ta te  we re  1.10 ~= 0.05 and 0.32 ~ 0.10 r e -  
spect ively .  This means  tha t  the " s t a t i s t i ca l  mean  ~ vascu l a r  bed c lose ly  r e s e m b l e s  in i t s  p r o p e r t i e s  a l inear  
hydraul ic  conductor.  However ,  individual values  of the p a r a m e t e r s  va r i ed  within a wide range  (~1 f r o m  0.73 to 
1.75 and log fil f r o m  - 0 . 9 5  to 1.05). This  denotes  s ignif icant  quali tat ive var ia t ion  of the flow c h a r a c t e r i s t i c s  
of the va scu l a r  bed in d i f ferent  exper iments .  

By approximat ing  the dis t r ibut ion of the values  of ~l  in d i f ferent  expe r imen t s  by a lognormal  dis t r ibut ion 
and es t imat ing  i ts  p a r a m e t e r s ,  i t  was  poss ib le  to de t e rmine  both the m o s t  p robab le  values  of ~1 and the 90% 
confidence in terval .  Meanwhile,  highly s ignif icant  r e g r e s s i o n  was d i scovered  (P < 0.001) between the init ial  
values  of ~1 and log ill: log /31 = 2.47-1.95~1, so that  the m e a n  values  and 9070 confidence in te rva l  of log fil 
could be calcula ted fo r  any values  of ~l. The calcula ted values  of ~l and fil a r e  numer ica l  c h a r a c t e r i s t i c s  of 
the whole r ange  of f l o w - p r e s s u r e  re la t ions  for  an ima l s  in the init ial  s ta te  (Fig. 1: 1-9). Incidentally,  graph 5 
co r r e sponds  to the m o s t  p robab le  ini t ial  s ta te  of the vascu l a r  bed in Fig. 1. 

Sta t is t ical  ana lys i s  showed tha t  in the m o s t  p robab le  initial  s ta te  of the va scu l a r  bed (Fig. 1: 5) papaver ine  
caused the l e a s t  and phentolamine the g r e a t e s t  fal l  of va scu l a r  r e s i s t a n c e  within the range  of per fus ion  p r e s s u r e  
examined.  The fac t  will be noted that  the g r e a t e r  effect  of papaver ine  was observed  with l e a s t  values  of p e r -  
fusion p r e s s u r e ,  whereas  for  phento lamine  and, to some extent, for d thydroergotamine ,  these  re la t ions  were  
opposite .  Hence it  follows that  even when the m o s t  p robab le  si tuat ion is  analyzed,  the ef fec t  of therapeut ic  sub-  
s tances  is  significantly linked with values  of blood flow and p r e s s u r e  a t  which i t  is  es t imated .  This  pr inciple  
was mani fes ted  to an even g r e a t e r  deg ree  with other  va r i an t s  of the flow c h a r a c t e r i s t i c s  for  an imals  in the 
initial  s ta te .  

Examinat ion  of g raphs  1-3, 4-6, and 7-9, re f lec t ing  si tuat ions with initial abili ty of the  vascu l a r  bed to 
i nc r ea se  i ts  r e s i s t a n c e  in r e s pons e  to an i n c r e a s e  of i n t r avascu l a r  p r e s s u r e  (cz 1 < 1), with l i t t le  dis tensibi l i ty  
of the vascu l a r  bed (~l ~ 1), and with a d i s tens ib le  bed (~I > 1) r e spec t ive ly ,  c l ea r ly  shows d i f fe rences  in the 
effect  of the drugs  studied. Papave r ine ,  fo r  ins tance ,  had the g r e a t e s t  abil i ty to reduce  vascu la r  r e s i s t ance  with 
the lowes t  initial values  of ~l  (see Fig. 1: 1-3; s i tuat ion with "negat ive" dis tensibi l i ty) .  It  is  cons idered  that  
the abil i ty of the v e s s e l s  to i n c r e a s e  the i r  r e s i s t a n c e  in r e sponse  to an i n c r e a s e  of p r e s s u r e  is  due to p r e d o m -  
inance of the myogenic component  of a r t e r i a l  v a scu l a r  tone [6]. Thus papaver ine ,  a vasod i la to r  of myot ropic  
action, had the g r e a t e s t  effect  on v a s c u l a r  r e s i s t a n c e  with init ial ly high myogenic tone. Meanwhile phentolamine 
had the g r e a t e s t  action on v e s s e l s  with init ial ly high dis tensibi l i ty  (Fig. 1: 7-9). 

The m o s t  difficult  p rob l em  is to examine the effect  of d ihydroergotamine  on vascu l a r  r e s i s t ance ,  for  this 
drug has both a myot rop ic  v a s o c o n s t r i c t o r  act ion and a vasod i la to r  ~-adrenoblocking  action. As will be c l ea r  
f r o m  Fig. 1: 1, 2, in the p r e s e n c e  of the s m a l l e s t  "negat ive"  dis tensibi l i ty  of the va scu l a r  bed and with high 
values  of per fus ion  p r e s s u r e ,  d ihydroergo tamine  caused a d e c r e a s e  in the vascu la r  r e s i s t a n c e ,  but at  the same  
t ime  i n c r e a s e d  v a s c u l a r  r e s i s t a n c e  when the i n t r avaseu l a r  p r e s s u r e  was re la t ive ly  low. Converse ly ,  with high 
init ial  d is tens ib i l i ty  of the v a s c u l a r  bed (Fig. 1: 8, 9) d ihydroergotamine  reduced vascu l a r  r e s i s t ance  a t  low 
va lues  and inc rea sed  it a t  high values  of p r e s s u r e .  Thus the d i f fe rences  in the effect  of d ihydroergotamine  were  
a t t r ibutable  to d i f fe rences  in the or ig inal  va r i an t s  of d is tens ibi l i ty  of the vascu l a r  bed. 

The poss ib i l i ty  that  the flow c h a r a c t e r i s t i c s  may  c r o s s  in the r ea l  r ange  of values of i n t r avascu la r  p r e s -  
sure  is  evidence tha t  the per fus ion  conditions with constant  blood flow do not provide  re l i ab le  informat ion of the 
p r inc ip l e s  governing changes in v a s c u l a r  tone under  the influence of drugs .  I t  can be concluded f r o m  the r e su l t s  
that  the cont rad ic tory  in format ion  on the t rend of the va scu l a r  effects  of the drugs  is based on fa i lure  to pay suf-  
f ic ient  heed to the conditions of r ecord ing  v a s c u l a r  r e s i s t a n c e  and d i f fe rences  in the p r o p e r t i e s  of the v a scu l a r  
bed in the init ial  s ta te .  Meanwhile,  ana lys i s  of the r e su l t s ,  genera l ized  with the aid of an imita t ion s ta t i s t ica l  
model ,  not only enables  the v a s c u l a r  effects  of the drugs  to be pred ic ted ,  but a l so  p rov ides  an approach to the 
elucidation of mechan i sms  lying a t  the bas i s  of the var iab i l i ty  of the i r  action. 
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Fig. i. Effect of vasodilator drugs on flow char- 
acteristics of vessels of systemic circulation. 
Abscissa, perfusion pressure (in mm Hg); or- 
dinate, volume velocity of blood flow (in ml/min). 
Broken line - regions of flow characteristics be- 
fore injection, continuous line- after injection of 
papaverine (P) in a dose of 2 mg/kg, phentolamine 
(Ph) in a dose of I mg/kg, and dihydroergotamine 
(D) in a dose of 0.5 mg/kg). The effect of the drugs, 
depending on the initial type of flow characteristics, 
is described by equations: 

P -  Ae~ = - 0 , 1 9 3  + 0 . 2 0 6 1 o g  i l l ,  A ( l o g  ~) = 

1.136 - 0.092a~ - A~(2.791a I- 0.778a~); 

Ph - A~ = 1.301 - i.i17~ I, A(log fi) = 0.161 - 
0.154 log~-- (1.700~ i + 0.506 log P~)A~; 

D- A~ =0.408-0.369~; A(Iog p) =0,150- 
0.180~ i log ~i - A ~(1"274c~I + 0.853 log Pl); 

where A~ = ~2-~i, A(log p) =log ~2-log Pi" 

Graphs 1-9 plotted for different combinations 
of parameters ~I and Pl in the initial state: 1-3) 
~i = 0.75, (i) log ~ = 15.5, (2) log p~ = 10.2, (3) 
log ~i = 6.76; 4-6) ~i = 1.05, (4) log Pl = 3.98, (5) 
log ~i = 2.63, (6) log fil = 1.74; 7-9) ~i = 1.50, (7) 
log Pl = 0.53, (8) log Pl = 0.35, (9) log fi! = 0.23. 
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