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Af ter  expe r imen ta l  i n t e r f e r e n c e  with the d ra inage  of  blood along the hepat ic  veins in albino 
r a t s  (by m e a s u r e d  n a r r o w i n g  of  the caudal  vena above the t iver) ,  in the e a r l y  s t ages  widening 
of  the lumen  and an i n c r e a s e  in the tangent ia l  tens ion  of  the wall take p lace  in the hepat ic  
veins  (the outflow sys t e m )  and b ranches  of  the po r t a l  vein and hepat ic  a r t e r y  (the inflow s y s -  
tem).  This s t age  is r e p l a c e d  by an i n c r e a s e  in the m u s c u l a r  m a s s  of the tunica med ia  o f  
these  ves se l s  and by n a r r o w i n g  of the i r  lumen and an i n c r e a s e  in the r e s i s t a n c e  to the blood 
flOW. 

The ob jec t  of  this inves t iga t ion  was to use  an expe r imen ta l  model  s imula t ing  d i s tu rbance  of  the venous 
d ra inage  f r o m  the l ive r  to tes t  the hypothes is  that  hype r t rophy  of the ve s se l  wall  m u s t  be p r e c e d e d  by a 
s tage  of  di la t ion of  the lumen  of  the v e s s e l  [3, 4, 5] and to s tudy changes  in the s t r u c t u r e  o f  the inflow and 
outf low channe ls  of  the l ive r  in the acute  and subacu te  s t ages .  His to log ica l  and m o r p h o m e t r i c  methods  a l so  
w e r e  used  to examine  s o m e  aspec t s  of the m e c h a n i s m  of v a s c u l a r  r eac t ions  to venous s t a s i s .  The l i t e r a t u r e  
on the f i r s t  of  these  p r o b l e m s  is inadequate  for  ves se l s  of  the m u s c u l a r  type,  and the data  so fa r  publ ished 
on the second  and th i rd  p r o b l e m s  a r e  c o n t r a d i c t o r y  [1, 2, 6, 7, 8, 9]. 

TABLE 1. D iame te r  of  Lumen  and Th ickness  of  Walls of  I n t r a h e -  
pat ic  Blood Ve s se l s  (in #) a f t e r  Dis tu rbance  of  the Dra inage  of  
Blood via the P o s t e r i o r  Vena Cava  (M :k m) 

~ ] Number of Branches of he = Branchesof portal Branchesof he- 
i branchesin 100 o = "~! fields of vision patic veins . vein . patic artery 

-~ '~I I~thickness lthickness thickness 
~[hepattc portal lumen in f wall lumen ]of wall lumen of wail 
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304-3,5 444-2,1 4,04-0,1 264-1,9 
214-3,6 684-4,3 4,04-0,2 444-4,2 
294-1,6 564-3,8 4,74-0,3 634-9,6 

--  534-3,4 -- 504-8,1 
A d m i n i s t r a t i o n  of c h l o r a m  

10 
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Fig .  1. Branches  of the hepatic a r t e r y :  A) in tac t  ra t ;  B) 21 days 
a f te r  d i s tu rbance  of the venous d ra inage  along the hepat ic  veins .  
Marked  thickening of the m u s c u l a r  coat  is observed .  Fuchse l in ;  
coun te r s ta in ing  by Van Gieson ' s  method,  500• 

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

In expe r imen t s  on male  Wis t a r  albino r a t s  weighing 200-220 g m e a s u r e d  c ons t r i c t i on  of the caudal  
vena cava  was p roduced  above the d iaphragm,  by means  of a s i l k  l iga tu re  on a ca the te r ,  down to 1.2-1.4 mm 
(normal  d i a m e t e r  of the lumen 4.0-4.5  mm).  Eight  in tac t  r a t s  f rom the s a m e  batch were  s a c r i f i c e d  as con-  
t r o l s .  F ive  r a t s  we re  k i l led  24 h a f te r  cons t r i c t ion ,  t h r ee  r a t s  4-5 days,  five r a t s  10-13 days,  five ra t s  
f rom 3 weeks to 1 month, t h r ee  r a t s  2-3 months,  and five r a t s  4.5-6 months a f te r  the cons t r i c t ion  opera t ion .  
Three  r a t s  undergoing the opera t ion  r e c e i v e d  aurant in ,  an inhib i tor  of RNA syn thes i s ,  in a dose  of 0.33 #g/g 
body weight on a l t e rna t e  days .  These  an imals  we re  s a c r i f i c e d  on the 10th day a f t e r  cons t r i c t ion ;  two ani -  
ma l s  r e c e i v e d  ch lo ramphen ico l  (an inhib i tor  of p r o t e i n  syn thes i s )  in a da i ly  dose  of 100 rag for  3 weeks .  

Before  s a c r i f i c e ,  one expe r imen ta l  r a t  f rom each s e r i e s  and one cont ro l  r a t  r ece ived  an inject ion of 
0.5 cm 3 b l ack  ink into the f emora l  vein. Sect ions were  s t a ined  with hematoxy l in -eos in ,  with fuehsel in with 
coun te r s ta in ing  by Van Gieson ' s  method, and by Heidenhain ' s  azan method.  With a s c r e w - o p e r a t e d  ocu la r  
m i c r o m e t e r  the th ickness  of the wal ls  and the lumen of the in t rahepa t ic  b r anches  of the hepatic a r t e r y  and 
the po r t a l  and hepat ic  veins were  m e a s u r e d  in each sec t ion .  The number  of t r a n s v e r s e l y  divided branches  
of the hepatic and p o r t a l  veins was counted in 100 f ie lds  of v is ion of 10• object ive .  On the bas i s  of these  
r e s u l t s ,  the weighted a r i t hme t i c  mean and the weighted mean e r r o r  of the a r i t h m e t i c  mean were  ca lcu la ted  
for each t ime  of the exper imen t .  

EXPERIMENTAL RESULTS 

The results of the measurements are given in Table I. Until the fourth dayafterconstrietion, marked 

dilatation of the liver sinusoids corresponding to the inner third of the lobule was observed. At this time 
no ink penetrated into the sinusoids. After 10-12 days the sinusoids remained dilated, and ink was detected 

in some of them (with a subcapsular localization). After 3-4 weeks the pieture ofthesinusoids corresponded 
to that  in the cont ro l  an ima l s .  

Analys is  of the numbers  of t r a n s v e r s e l y  divided v a s c u l a r  b ranches  p e r  100 f ie lds  of v is ion (Table 1) 
showed that  f rom the 10th day a f t e r  the opera t ion  an i n c r e a s e  took p l ace  in the number  of b ranches  of the 
hepatic veins (50.0 • 0.7 in the cont ro l ,  73.0 * 2.9 in the expe r imen ta l  group on the 15th-30th day a f te r  the 
operat ion) .  This p r o c e s s  is  a s s o c i a t e d  p r i m a r i l y  with the convers ion  of the d i la ted  s inusoids  into venules.  
The convers ions  in the p o r t a l  venous s y s t e m  a r e  l ess  subs tan t i a l .  

On the f i r s t  days a f t e r  the opera t ion  the b ranches  of the hepat ic  veins were  d i la ted  (47.0 • 2.7 ~ com-  
p a r e d  with 35.0 * 1.1 # in in tac t  r a t s  ; P < 0.001). This d i la ta t ion  was followed by a t r ans i en t  d e c r e a s e  in the 
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mean diameter  of the lumen of the veins, and by the 10th-13th day and la ter  a secondary  dilatation of the 
branches of the hepatic veins developed. Para l le l  with these changes, after  the f i rs t  few days there was a 
s ta t is t ical ly  significant increase  in thickness of the walls of the branches of the hepatic veins on account of 
the more  powerful development of the muscular  coat; after  the 30th day sc le ros i s  began to occur  in the 
walls of these venous branches.  

The branches of the por ta l  vein also were dilated on the f irst  day after  the operation (Table 1). This 
dilatation was followed by constr ic t ion of the por ta l  branches on the fourth to 15th days after  disturbance of 
the venous drainage.  By the end of the f i rs t  month a secondary  dilatation of the branches of the portal  vein 
began. Besides changes in their  lumen, after  the 10th day there was a significant inc rease  in thickness of 
the muscular  coat of the branches of the por ta l  vein. 

Branches of the hepatic a r te r ies  were great ly  dilated on the f i rs t  day after  dis turbance of the venous 
drainage (12.0 ~- 0.8 # compared  with 6.1 • 0.67 # in the control).  This was followed by some constr ic t ion of 
the lumen of the a r te r ies  (4.0 • 0.4 # in control  animals and 7.5 • 0.8/z months af ter  the operation; Fig. 1A, 
B). These facts indicate an increased  res i s tance  of the a r te r ies  to the blood flow in thesubacute  and chronic 
stages of adaptation of the vessels  af ter  dis turbance of the venous drainage along the hepatic veins. After 
injection of the inhibitors chloramphenicol  and aurantin, no increase  in the muscular  mass  in the walls of 
the venous branches took place,  and severe  dilatation of the sinusoids was accompanied by hemorrhages  into 
the l iver t issue.  Against the background ofaurantin injections perivenous sc le ros i s  was observed.  

After disturbance of the venous drainage along the hepatic veins in albino rats  a t ransient  dilatation of 
the lumen of branches of the venous col lectors  and of the hapatic a r t e ry  thus takes place within the f i rs t  few 
hours after  the operation. These changes are  accompanied by dilatation of the mic roc i r cu la to ry  channels, 
indicating an increase  in the la tera l  p r e s s u r e  on the wall of the blood vessels .  This dilatation is superseded 
by constr ict ion of the lumen and thickening of the walls on account of growth of the muscu la r  mass  in branches 
of the po r t a l  vein, by t ransient  constr ic t ion and a p rogress ive  thickening of the wall on account of growth of 
the muscular  mass  and subsequent sc le ros i s  in branches of the hepatic veins, and by an increase  in the 
muscular  mass with a tendency toward constr ict ion of the lumen in the branches of the hepatic a r te ry .  

These resul ts  confirm previous views regarding the existence of a phase of constr ic t ion of the veins 
when the venous drainage is disturbed [1] and regarding the s t ruc tura l ly  distinguishable increase  in r e s i s -  
tance of the inflow channels when the outflow is disturbed. In the experiments now descr ibed these r emarks  
apply both to the sys t em of the por ta l  vein, which is an inflow col lector  in relation to the hepatic veins, and 
to the sys tem of the hepatic a r t e r i e s .  The resul ts  of experiments in which the inhibitors were injected con-  
f i rm the compensa tory  charac te r  of these adaptations. These experiments also confi rm the view that the 
response  of hyperplasia  and hypert rophy of the vessel  wall is preceded by a s tage of dilatation of the lumen 
and of an increase  in the tangential tension of the vessel  wall. 

As regards  the mechanism of these sys temic  vascular  react ions,  the resul ts  of these experiments can 
be more  completely explained by the myogenic hypothesis of autoregulation of the blood supply to an organ 
[8, 9, 10], and in par t i cu la r  the existence of stages in the changes in the lumen of the vessels  can be under-  
stood: the t ransient  s tage of dilatation of the lumen is superseded by constr ic t ion;  this cor responds  to p a r -  
ticipation of the mic roc i r cu l a to ry  sys t em in the ear ly  stages of disturbance of the venous drainage.  
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