
Later ,  as the hyper tens ion becomes  stabi l ized (24 weeks) ,  the l e ad ingmechan i smin the  inc rease  in per iph-  
e ra l  res i s tance ,  in the w r i t e r s '  opinion, is no longer a dec rease  in the number  of a r t e r io l e s ,  but adaptive 
hyper t rophy of the smooth muscles  of the res i s t ive  vesse l s .  In adult SHR the s t ruc tura l  component of r e s i s -  
tance (by 35~0 compared  with 17% in young SHR) and the angle of slope of the B P - d o s e  of NA curve (by 100% 
compared  with 40~ in young SHR) increases  e v e n m o r e i n  adult SHR. 

The exper iments  thus showed that two mechanisms may evidently par t ic ipate  in the inc rease  in the s t r uc -  
tural  component of r es i s t ance  of the res i s t ive  vesse ls :  a dec rease  in the density of the network of a r t e r io l e s  
and hyper t rophy of the vesse l  walls; m o r e o v e r  these are  two interconnected p roces ses ,  causing an increase  in 
the sys temic  res i s t ance  in SHR in the course  of development  of hypertension.  
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Many investigations of the hepatic c i rcula t ion in acute blood loss have been published [ 1, 3, 4, 7-9] .  How- 
ever ,  the question of what changes a r i se  under  these c i rcumstances  at the level  of the te rminal  mic rovesse l s  
of the l iver ,  how they are  connected with hemodynamic dis turbances  in the l iver  and the hepatic sys tem,  and 
what the i r  role is in the pathogenesis  of the pos themorrhagic  syndrome still  r emains  insufficiently explained. 

In the investigation descr ibed  below the hepatic m i c r o -  and macroc i rcu la t lon  and the sys temic  a r t e r i a l  
blood p r e s s u r e  (BP) were studied in ra ts  af ter  acute blood loss .  

EXPERIMENTAL METHOD 

Experiments were carried out on 56 male Wistar albino rats weighing 250-300 g. The microcirculation 
in the liver was studied by contact luminescence biomicroscopy under general urethane anesthesia [ 5]. Simul- 
taneously with visual observation of the hepatic miorocirculation, measurements were made of the volume 
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Fig. 1. Charac te r  of changes in blood flow velocity in 
portal vein and hepatic a r t e ry  of rat  l iver  af ter  acute 
blood loss.  a) Decompensated type of course  of acute 
blood loss; b) compensated type of course  of acute 
blood loss. Above - volume velocity of blood flow in 
portal vein; below - l inear  velocity of blood flow in 
hepatic a r te ry .  F rom left to right: before blood loss,  5, 
15, and 30 rain af ter  beginning of blood loss.  Time 
marke r  ] see. Time course  of r ecovery  of l inear  ve-  
locity of blood flow along hepatic a r t e ry  precedes  
changes in blood flow in portal vein. 

velocity of the blood flow in the portal vein and the l inear velocity of the blood flow in the hepatic a r t e ry  by the 
tfltrasonic method descr ibed  in [2]. Acute blood loss was induced by single bleeding from the carotid a r t e ry  in 
a vohnne equivalent to 2.5g~ of body weight in 5 min. No pre l iminary  intravenous injection of heparin was given 
to the animals.  The pa rame te r s  used to indicate the general  state of the animals included the length of their  
survival  af ter  the beginning of blood loss, and BP in the carot id or  femoral  a r te ry ,  measured  by a m e r c u r y  
manometer .  

EXPERIMENTAL RESULTS 

Three types of course of acute blood loss were discovered in the rats: decompensated (30[. of eases), 

compensated (50~ of eases), and subeompcnsated (20][ of cases). In the decompensated type the systemic BP 
of all animals fell rapidly during blood loss itself to 30-25 mm Hg, and it was not restored in the posthemor- 
rhagic period. Two subtypes of the decompensated type of course after blood loss could be distinguished on the 
basis of the animal's length of survival and the character of changes in the hepatic hemodynamics and micro- 
circulation. 

l. Death during the f i rs t  10-]5 rain af ter  the beginning of blood loss. The animals showed a p rogress ive  
fall in the velocity of the portal  and a r te r ia l  blood flow down to 0. At the mic roc i r cu l a to ry  level in this case 
the velocity of the blood flow in all mic rovesse l s  was slowed. As the total volume of portal  and a r te r ia l  blood 
entering the l iver  decreased ,  a sharp reduction was observed in the volume of blood in the mic rovesse l s  and 
in their  d iameter .  The mic roc i r eu la to ry  sys tem of the organ was emptied. In the pos themorrhagic  period, a 
very  small  increase  in the l inear ve loc i~  of the a r te r ia l  blood flow took place, but the volume velocity of the 
blood flow in the portal  vein still remained at zero  and t issue perfusion at the level of the terminal  m i c r o v e s -  
sels  was considerably  reduced. 

2. Death during the f i rs t  hour af ter  the beginning of blood loss.  In the animals of this group, during the 
period of actual removal  of the blood a rapid decline was observed in the velocity of the portal  and a r te r ia l  
blood flow. After  the end of blood loss there was a tendency for these pa rame te r s  of the hepatic circulat ion to 
recover .  The increase  in the velocity of the a r te r ia l  blood flow to the l iver  was g r ea t e r  than that of the portal  
blood flow (Fig. la) .  Biomicroseopical ly ,  mosaic  changes in the microcf reu la t ion  developed in the l iver in the 
pos the rmor rhag ic  period against  the background of depressed  values of the total blood volume in the organ and 
the velocity of the sinusoidal blood flow. In some zones all the terminal microvessels were constricted and 
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Fig. 2. Rat liver 30 min after beginning of blood loss. a) Deeompensated 
type of course of acute blood loss. Sinusoids dilated and filled with static 
blood; b) compensated type of course of acute blood loss. Blood flow at 
microcireulatory level remains intact, zones with fragmentary dilatation 
of sinusoids and with mierostasis can be seen. Tissue vascular permea- 
bility increased -luminescence vacuoles of FITC-labeled bovine albumin 
can be seen in cytoplasm of liver cells. Contact luminescence biomicros- 

copy,  75 •  

Fig. 3. Reaction of rat liver mierovessels to acute compensated blood 
loss. a) Microeirculatory system of liver before beginning of blood 
loss. Portal venule and hepatic arteriole, with smaller diameter (ar- 
row), can be seen on right, terminal hepatic venule in top left corner; 
b) the same place 3 rain after beginning of blood loss. Reduction of 
blood flow in microcirculation along terminal portal venule and hepatic 
arteriole, emptying of sinusoidal system, reduction in diameter of 
terminal microvessels. Contact luminescence biomicroscopy, 30 • 
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empty, whereas in other, large areas, the sinusoids in the region of the afferent microvessels and of the mid- 
dle part of the functional structure were dilated and filled with blood. The blood flow in them was greatly re- 
tarded and in some places stopped altogether (Fig. 2a), and the sinusoids in the region where they emptied 
into the terminal hepatic venules, and the draining venules themselves were anemic. The microvessels of the 
functional structure drained into the hepatic vennles in the manner of a system of collecting sinusoids. 

In the compensated type of course of acute blood loss in the period of actual removal of the blood the 
systemic BP fell to 30-25 mm Hg (Fig. Ib). However, as a rule changes in the hepatic macro- and microcircu- 
lation during this period were more gradual than in the decompensated type. The decrease in linear velocity 
of the arterial blood flow developed after the decrease in the portal vein. At the microeirculatory level a 
gradual decrease was observed in the blood volume in the terminal hepatic m i e r o v e s s e l s ,  and the velocity of 
the blood flow in them was slowed. The sinusoidal system was empty and difficult to focus (Fig. 3a, b). In the 
posthemorrhagie period a comparatively rapid improvement of the parameters of the hepatic macro- and mi- 
erocireulation took place. The velocity of the arterial blood flow returned to normal more rapidly and com- 
pletely than the velocity of the portal blood flow, values of which usually remained 10-30% below their initial 
level (Fig. ]b). The improvement in the parameters of the regional blood flow in the hepatic macro- and 
microcirculation in the compensated type of course took place parallel with elevation of the previously lowered 
systemic BP. A period of comparatively long stabilization of the systemic hemodynamics and of the hepatic 
macro- and microeircnlation began. The length of survival of the animals was not less than 3 h. In the post- 
hemorrhagic period, the gradual development of focal changes in the microcireulation was observed at the 
level of functional structures of the liver, in the form of the appearance of fragmentary loci of microthrom- 
bosis and microstasis, aggregation of erythrocytes, and disturbances of tissue vascular permeability. These 
changes had a clear topography and were located in zone No. I of the functional structure of the liver, without 
disturbing the mierocireulation at the level of the organ as a whole, composed of its functional structures (Fig. 
2b). 

In the subeompensated type of blood loss the time course of changes in the hepatic macro- and micro- 
circulation during the actual blood loss and in the posthemorrhagic period was the same as in the compensated 
type. However, restoration and temporary stabilization of the region of hepatic hemodynamies took place with- 
out any increase in systemic BP, which remained depressed to 30-25 mm Hg. The mean length of survival of 
the animals of this group was 2 h. 

The severity and stability of changes in the hepatic macro- and microcirculation in rats after blood loss 
thus correlate with the severity of the course of the posthemorrhagic period. A rapid fall of the portal and 
arterial fractions of the hepatic blood flow, leading to prolonged ischemization of the functional structures of 
the organ, has the most unfavorable prognosis. The course of the posthemorrhagic period also is severe if, 
against the background of uncompensated reduction of the portal blood flow, only the arterial blood supply to 
the organ improves. In most functional structures mieroeireulatory changes leading to pathological storage of 
blood in the hepatic microvessels develop in response to a prolonged and stable decrease in the inflow of por- 
tal blood. Regions with congested, dilated sinusoids alternate with zones of smaller area in which all the 
terminal mierovessels are constricted and empty, and this also increases the intravascular hepatic resistance. 
On the whole the mieroeirculatory changes developing in the liver in decompensated blood loss limit the re- 
turn of blood to the right heart, make the hepatic tissue perfusion less effective, and lead to insufficiency of 
hepatic functions. Results of the present investigation show that the course of the posthemorrhagic period is 
benign only if reduction of the portal blood flow, leading to evacuation of blood from the splanchnlc basin into 
the general circulation and to its centralization, is temporary in character. Rapid quantitative compensation 
of the portal fraction of the hepatic blood flow and the absence of changes in the mierocireulatory system lead- 
ing to an increase in the intrahepatie vascular resistance under these circumstances maintain, on the one hand, 
the return of blood to the right heart at the level required to support the general systemic circulation and, on 
the other hand, the level of the local tissue blood flow required for adequate liver function. The results con- 
firm the views expressed by the writers previously on the leading role of the portal circulation in the physiol- 
ogy and pathology of the liver [6]. Attention is also drawn to the fact that the regional hepatic blood supply is 
relatively free from the level of the general systemic blood flow. In the posthemorragic period self-regulating 
regional compensation of the hepatic circulation may be possible, with preservation of shock values of the 
systemic BP. Self-regulating compensation of the hepatic blood flow under conditions of lasting systemic hypo- 
tension is regarded by the writers as an important compensatory mechanism aimed at maintaining life of an 
individual in a state of shock. 
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It is  genera l ly  cons idered  that e l ec t r i ca l  act ivi ty  of the r e s p i r a t o r y  m u s c l e s  under  no rma l  conditions r e -  
f lects  the functional s ta te  of the r e s p i r a t o r y  center .  In pathology, however ,  when the flow of e f fe ren t  impulses  
to the r e s p i r a t o r y  m us c l e s  and also,  probably,  the flow of a f fe ren t  impu l ses  to the r e s p i r a t o r y  center  ( f rom 
r e c e p t o r s  of the affected r e s p i r a t o r y  p a s s a g e s  and lung) is modified, e l ec t r i ca l  act ivi ty  of the r e s p i r a t o r y  
musc l e s  can no longer  be the chief  c r i t e r ion  used to evaluate  the s ta te  of function of the r e s p i r a t o r y  center .  In 
such ca se s  only a s imul taneous  study of the d i scharge  pa t t e rns  of bulbar  r e s p i r a t o r y  neurons and of the e l ec -  
t r ica l  act ivi ty of va r ious  groups  of r e s p i r a t o r y  musc l e s  in a model  of expe r imen ta l  inf lammat ion  of the r e s p i -  
r a t o ry  t r ac t  and lung can adequately elucidate the functional s ta te  of the r e s p i r a t o r y  center  in an imals  in d i f fe r -  
ent s tages  of the d i sease .  

In the invest igat ion desc r ibed  below the f ir ing pa t t e rn  of r e s p i r a t o r y  neurons  and e l ec t r i ca l  act ivi ty  of 
di f ferent  groups of r e s p i r a t o r y  musc l e s  and compensa to ry  reac t ions  of the r e s p i r a t o r y  cen te r  were  studied in 
cats  with an exper imen ta l  les ion of the r e s p i r a t o r y  t r a c t  and lungs. 

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

A model  of in jury to the r e s p i r a t o r y  t r a c t  and lungs was c rea ted  in cats  (60 animals)  by injecting 0.3 ml  
of wood turpentine into the t r a chea  in the d i rec t ion  of the lungs [5]. Exper imen t s  were  c a r r i e d  out 24-72 h af-  
t e r  injection of the turpent ine.  Under pentobarbi ta l  anes thes ia  (40 mg/kg)  action potent ials  of medul la ry  
r e s p i r a t o r y  neurons were  der ived  by m i c r o e l e c t r o d e  and s t e reo tax ic  techniques (using Szentagothai ' s  a t l a s ) .  
The meta l  m ic roe l ec t rode  had a tip 1-3 p in d i ame te r .  Pa r a l l e l  r ecord ings  were  made of the pneumogram,  
EMG of the d iaphragm,  in t e rcos t a l  musc l e s ,  and abdominal  musc l e s ,  and the composi t ion  of the blood gases .  
Gas mix tu re s  of 10% in N 2 and 2% CO 2 in a i r  and O 2 were  used. Af ter  the invest igat ion the an imal  was autop-  
s led to es tab l i sh  the extent  and seve r i ty  of the les ion of the t r a chea  and lungs. 
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