
Kis t l e r  et al. [10], who found tubular myel in  in the phagosomes  of the lung macrophages  of ra t s  kept for 
a long t ime  in an a tmosphe re  with an inc reased  oxygen concentrat ion,  concluded that  these s t ruc tu r e s  a r e  a 
"spent"  fo rm of surfactant .  Other worke r s ,  while supporting this hypothesis  [9], a lso suggested that the tubular  
myel in  could be a " r e s e r v e "  surfac tant ,  packed in a ce r t a in  way. This las t  hypothesis is supported by the ev i -  
dence of physiological  and b iochemica l  invest igat ions showing that  the tubular  myel in  f rac t ion  of lung washings 
p o s s e s s e s  normal  s u r f a c e - a c t i v e  p rope r t i e s  and, in its lipid composi t ion,  is s i m i l a r  to the contents of the 
osmiophil ic  l ame l t a r  co rpusc les  of a lveo la r  cel ls  of the second type [8]. 

The p ic tures  of d i rec t  t rans i t ion  of the m a t e r i a l  of the osmiophi l ic  l ame l l a r  corpusc les  into packed m e m -  
branes  of sur fac tan t  (Fig. 3c), obse rved  in the lungs of the exper imenta l  an imals ,  also indicate that these  m e m -  
branes  belong to the " r e s e r v e "  of a lveo la r  sur fac tan ts .  In the hypophase of the hyper t rophied alveoli  during the 
f i r s t  5-7 days af ter  le f t - s ided  pneumonectomy this fo rm of surfac tant  was found more  often than in the alveoli  
of the lungs of intact  an imals .  Meanwhile, hyper t rophy of the la rge  a lveolocytes  respons ib le  for  sur fac tan t  syn-  
thes is  takes place  in the res idua l  lung, together  with an inc rease  in the n u m b e r  of osmiophi l ic  l ame l l a r  
corpusc les  in them,  the d ischarge  of the m a t e r i a l  of these corpusc les  into the lumen of the alveoli ,  and a t e m -  
po ra ry  fall  in the su r face  tension of t h e  lung washings [5]. 

Cons ider ing  the data desc r ibed  above , it can be concluded that macrophages  located in the hypophase of 
the ex t race l tu la r  a lveo la r  lining uti l ize the " exces s "  of sur fac tant  in the hyper t rophied  lungs and so par t ic ipa te  
in the regulat ion of the su r face  tension of the alveoli .  This suggests  that the a lveo la r  macrophages  a r e  one of 
the ce l lu lar  components  of the sur fac tan t  s y s t e m  of the lungs. 
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Marked r e c o v e r y  of the init ially lowered blood p r e s s u r e  (BP) and a slight tendency toward 
r ecove ry  of the init ially lowered card iac  output (CO) were  observed  in r e sponse  to the 
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or thos ta t i c  t e s t  (OT) in expe r imen t s  on cats  anes the t ized  with urethane.  Ba r o r e c e p t i ve  
re f lexes  f rom the ca ro t id  sinus were  shown to have an e s sen t i a l  ro le  in the mechan i sm of 
the compensa to ry  changes in BP. An a r t i f i c i a l  c i r cu la t ion  was used to study r eac t iv i ty  of 
the r e s i s t i v e  and capac i t ive  v e s s e l s  and pooling of blood in the v a s c u l a r  s y s t e m  during OT 
was e s t ima ted  quant i ta t ively .  Compensa to ry  r e s p o n s e s  of BP to OT a r e  due p r ino ipa l ly  to 
re f l ex  va socons t r i c t i on  of r e s i s t i v e  v e s s e l s  and not to venomotor  r e s p o n s e s .  

KEY WORDS: v a s c u l a r  component of  s y s t e m i c  reac t ion ;  o r thos ta t i c  t e s t ;  r e s i s t i v e  and 
capac i t ive  v e s s e l s ;  blood cooling 

Despi te  many inves t iga t ions  devoted to the ana lys i s  of changes in the hemodynamics  in man and an imals  
during o r t h o s t a s i s  [1-4, 9, 11], the extent  to which the tone of ~he p e r i p h e r a l  v e s s e l s  and the pumping function 
of the hea r t  p a r t i c i p a t e  in the m e c h a n i s m  of the c o m p e n s a t o r y  changes in the hemodynamics  during exposure  
to this  fac tor  r ema ins  obscure .  Another  unsolved p r ob l e m  is the r e l a t ive  ro le  of the r e s i s t i v e  and capac i t ive  
v e s s e l s  in these  compensa to ry  r eac t i ons .  

The objects  of the p r e s e n t  inves t iga t ion  were  to c o m p a r e  the dynamics  of changes in the blood p r e s s u r e  
(BP) and ca rd i ac  output (CO) during the o r thos t a t i c  t e s t ,  to de t e rmine  the contr ibut ion of b a r o r e c e p t i v e  re f lexes  
to the mechan i sm of the above-ment ioned  changes in BP and CO, to c o m p a r e  the r e a c t i v i t y  of the r e s i s t i v e  and 
capac i t ive  v e s s e l s  in r e s p o n s e  to o r thos t a t i s ,  and to a s s e s s  the degree  of blood pooling in the vascu l a r  s y s t e m  
under t hese  condi t ions.  

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

Cats were  anes the t ized  with ure thane  (1 g/kg). The o r thos ta t i c  t e s t  (OT) was c a r r i e d  out by ro ta t ing  the 
tab le  on which the expe r imen t a l  an imal  was fixed through 45 ~ to the hor izon ta l  axis  in 3 min. BP was r eco rded  
in the f emora l  a r t e r y  by means of a mechanot ron  e l e c t r o m a n o m e t e r  [6]. CO was r e c o r d e d  continuously by 

means of the cuff t r a n s d u c e r  of the RKE-1 e l ec t romagne t i c  f lowmeter  [5], which r e c o r d s  the volume ve loc i ty  of 
the blood flow in the ascending  aor ta .  

Exper imen t s  with the a r t i f i c i a l  c i r cu la t ion  (by -pass ing  the left  vent r ic le )  were  c a r r i e d  out in accordance  
with the s cheme  d e s c r i b e d  in [7]. The pumping function of the left  v e n t r i c l e  was rep laced  by a constant  de l ive ry  
pump, by means of which blood was pumped into the ao r t a  through the i l i ac  a r t e r y  at the r a t e  of 80-100 
m l / k g / m i n  f rom a r e s e r v o i r ,  into which blood pas sed  f rom the left  a t r i u m  through a d ra inage  tube. Under these  
condit ions the tone of the r e s i s t i v e  v e s s e l s  could be e s t ima ted  f rom BP m e a s u r e d  in the common caro to id  
a r t e r y .  The tone of the capac i t ive  v e s s e l s  and the deg ree  of blood pooling were  judged f rom changes in the 
blood level  in the r e s e r v o i r  mentioned above.  Al l  p r o c e s s e s  were  r e c o r d e d  on the USChV-8 ink-wr i t ing  o s c i l -  
lograph and subjec ted  to s t a t i s t i c a l  ana lys i s  by  Student ' s  pa i red  t - t e s t .  
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Fig. 1. Effect of o r t hos t a s i s  on dynamics  of blood p r e s s u r e  (BP) and c a r d i a c  output 
(CO). F r o m  top to bot tom curves  denote:  BP) in mm Hg; CO) in ml /min;  base  
l ine,  m a r k e r  of OT, t ime m a r k e r  (10 see) .  
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TABLE 1. Effect of Or thos tas i s  on BP and CO (mean data of 28 
observa t ions)  

Index [ Initial value 

I 
BP, mm Hg [ 122+22 
CO, ml/m]n I 276__.28 
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Fig. 2. Effect of blocking of b a r o r e c e p t o r  re f lexes  f rom ca ro t id  sinus on changes in BP 
and CO during or thos ta t ic  t e s t  (OT). D Intact  ca ro t id  s inuses ;  II) a f te r  blocking ca ro t id  
s inuses .  Point  1 co r r e sponds  to max imal  d e c r e a s e  (at 20th sec  of OT), point 2 to max i -  
mal  r e c o v e r y  (at 60th sec of OT) of BP and CO. Changes in BP and CO shown as p e r -  

centages  of in i t i a l  level .  

Fig. 3. Changes in tone of r e s i s t i v e  (R) and capac i t ive  (C) v e s s e l s  during OT. E x p e r i -  
ment with a r t i f i c i a l  c i r cu la t ion  b y - p a s s i n g  the left ven t r i c l e .  Points 1 and 2 co r re spond  
to 30th and 120th sec of OT. Changes in R and C given in pe rcen tages  of in i t i a l  level  of 
BP and of ca lcula ted  blood volume in cats  (100 mg/kg) [10]. 

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

In 28 observa t ions  made in the course  of 14 exper imen t s  the dynamics  of the changes in BP and CO in the 
cou r se  of the OT dif fered in c h a r a c t e r .  Whereas  the in i t i a l  fa l l  in BP, taking p lace  dm~ing the f i r s t  20-25 sec 
of OT, as a ru le  was followed by a phase  of r ecove ry ,  the tendency toward r e c o v e r y  of CO was only ve ry  s l ight  
and in fact CO rema ined  low throughout OT (Fig. 1). C h a r a c t e r i s t i c a l l y ,  compensa t ion  of BP was well  marked  
in 88% of obse rva t ions ,  and in 40% BP was r e s t o r e d  comple te ly  to i ts  in i t ia l  level .  Meanwhile a tendency 
toward compensa t ion  of CO was obse rved  in only 28% of obse rva t ions .  This was re f l ec ted  in the r e s u l t s  of com-  
pa ra t i ve  quanti ta t ive a s s e s s m e n t  of the changes in BP and CO af te r  20 (maximal  fall) and 60 sec (Table 1). 

Such sha rp  d i f ferences  in the in tensi ty  of the changes in BP and CO suggest  that compensa t ion  of o r tho -  
s ta t ic  hypotension is due mainly  to the v a s c u l a r  component of the s y s t e m i c  reac t ion ,  whereas  the ca rd i ac  com-  
ponent of this r eac t ion  is e i ther  in i t ia l ly  ve ry  weak or  it  is s econdary  to changes in p e r i p h e r a l  v a s c u l a r  tone. 
This conclus ion is deduced f rom the undisputed fact that  any change in BP can be brought about by e i ther  the 
v a s c u l a r  or  the ca rd i ac  component  of the s y s t e m i c  reac t ion .  In terac t ion  between these  fac to rs  evident ly  takes  
p lace  and it is this  which u l t ima te ly  de t e rmines  the level  of BP. 

Fo r  a c l o s e r  ana lys i s  of this p r o b l e m  in seven expe r imen t s  the degree  to which blocking of b a r o r e c e p t o r  
r e f l exes  is  re f lec ted  in the c h a r a c t e r  of the changes in BP and CO during the o r thos ta t i c  t e s t  was inves t iga ted .  
Blocking the b a r o r e c e p t o r  zones of the ca ro t id  s inuses  by c lamping  the common ca ro t id  a r t e r i e s  was found to 
affect only the c h a r a c t e r  of the changes in BP but to have v i r t ua l ly  no effect on the dynamics  of CO during OT 

(Fig.  2). 

Whereas  the max ima l  d e c r e a s e  in BP during the OT with the ea ro t id  s inuses  in tac t  ave raged  5% of the 
in i t ia l  level  and the co r respond ing  d e c r e a s e  in C O was 15%, a f te r  blocking of the ca ro t id  b a r o r e e e p t o r  zones 
the max ima l  d e c r e a s e  in BP inc r ea sed  to 14% (P<0.01) ,  but the d e c r e a s e  in CO was 19% (P >0.1). As r e g a r d s  
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the magnitude of the compensatory  changes, af ter  blocking of the carotid sinuses the tendency toward compen- 
sation of the initial deviations of BP was significantly reduced, whereas for CO it remained unchanged. This 
follows f rom the fact that, when the carot id sinuses were intact, the mean compensation of BP during OT 
reached 97% of the initial level, and that of CO reached 90%; after blocking of these Zones the average com-  
pensation of BP was 85% (P<0.05) whereas that of CO amounted to 87% (P>0.1).  

Under the conditions of the OT, ba ro recep to r  reflexes were manifested in the compensatory  responses  of 
BP mainly in connection with the vascu la r  factor. This fact also shows that the compensatory reactions of the 
card iovascular  sys tem to the or thostat ic  tes t  are  predominant ly  vascu la r  in nature and a re  largely due to the 
influence of ba rorecep tor  reflexes on per iphera l  vascu la r  tone. This effect is evidently expressed as the p re -  
vention of a sharp fall in BP during the OT. 

The question of the cha rac t e r  and degree of react ivi ty of the res is t ive  and capacit ive vessels  under the 
influence of or thostat is  is of considerab[e  interest .  The experimental  conditions, involving the use of an a r t i -  
ficial c i rculat ion with by-pass ing  of the left ventr icle ,  enabled changes in the state of these divisions of the 
vascu la r  sys tem to be assessed  separately .  In all seven experiments  of this ser ies  sys temic  constr ict ion of 
the res is t ive  vesse ls  was observed up to a mean degree of 8% of the initial level of BP (P< 0.05). Meanwhile, 
the dynamics of blood pooling, assessed  f rom changes in the level of  blood in the r e se rvo i r  of the art if icial  
circulat ion sys tem,  showed no significant tendency toward a compensatory  change (Fig. 35. However, in five of 
the seven experiments the blood level in the r e s e r v o i r  recovered  to some extent after  its initial fall, although 
this was not more than 20-25% of the magnitude of the initial decrease  in this index. 

This initial fail in the blood level in the r e se rvo i r  reflected the degree of blood pooling in the exper i -  
mental  animals and it averaged 20-25 ml, i .e. ,  about 10% of the circulat ing blood volume in cats weighing 3-3.5 
kg [10]. This corresponds  to the data on blood pooling in man during the OT [13]. Blood pooling in the vascu-  
lar  sys tem is known to be a function chiefly of the capacit ive proper t ies  of the veins. 

The very  slight and i r r egu la r  react ion of the capacitive vesse ls  compared with that of the res is t ive  
vesse ls  accords  with Gauer ' s  view [91 of the pass ive role of the venous r e se rvo i r  during the orthostat ic  test .  
At the same time, it contradicts  the other evidence which has accumulated [8, 12] of the venomotor  ref lexes 
and their  role in the maintenance of the venous re turn  to the heart.  

The compensa tory  react ion of the res i s t ive  vesse ls ,  with its marked cons t r ic tor  charac te r ,  probably is 
more  effective f rom the standpoint of maintaining the BP level. Although this reaction is probably mainly 
ref lex in nature and connected with ba rorecep tor  activation, ce l l - r egu la to ry  cons t r ic tor  responses  of the smooth 
muscles  of the res is t ive  vesse ls  in the lower half of the body in response  to an increase  in the hydrostat ic  
blood p res su re  under the conditions of OT likewise cannot be ruled out [2, 3]. The relationship between ne r -  
vous reflex mechanisms and local se l f - regu la tory  mechanisms of the responses  of these vessels  remains  a 
mat ter  for investigation. 
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