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Par t ia l  constr ict ion of the inferior vena cava was ca r r i ed  out in dogs below the diaphragm 
with consequent s tasis  of blood in the liver.  A comparat ive study of l iver biopsy mater ia l  ob- 
tained at var ious  stages of the experiment  showed that the development of f ibrosis  began from 
the central  and small collecting veins as a resu l t  of proliferat ion of f ibroblasts  in the adven- 
t i t ia of the veins and "migration" of fuchsinophilic f ibers into the adjacent parenchyma.  The 
formation of new connective t issue took place parallel  with these changes in a reas  of h e m o r -  
rhage and necros i s  in connection with prol iferat ion of the Kupffer cells.  Nutmeg f ibrosis  was 
shown to be cellular  in its pathogenesis and linked with increased tropocollagen activity of 
the f ibroblasts .  
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The morphogenesis  of nutmeg f ibrosis  of the l iver is the subject of contradic tory  statements in the 
l i terature.  Most invest igat iors  consider  that the main role in the mechanism of its development is played 
by c i rcu la tory  failure, r e t rog rade  stasis  of blood in the l iver,  and acellular  sc le ros i s  at the site of dying 
liver cel ls  [1, 6, 10, 12, 13, 23]. However, the view regarding acellular  sc le ros i s  is not in harmony with 
modern ideas of collagen formation, according to which the protein tropocollagen, f rom which collagen fi- 
be r s  are  built, is formed purely by means  of f ibroblasts  [7-9, 11, 16, 27]. Investigations using modern 
methods have proved the active cel lular  formation of  collagen f ibers  in the l iver  in various pathological 
p rocesses  [3-5, 18, 20-22, 25, 26]. 

Since little work has been done on the morphogenesis  of nutmeg f ibrosis  and since the existing con-  
t radict ions cannot be resolved purely on the basis of ~.nalysis of pos tmor tem material ,  it was decided to 
study the genesis  of nutmeg f ibrosis  of the l iver experimentally.  

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

Par t ia l  constr ic t ion of the inferior  vena cava was per formed above the diaphragm with consequent 
s tas is  of blood in the liver,  portal  hypertension, and the development of portocaval  extrahepatic anas tomo-  
ses and splenomegaly. Asci tes  appeared toward the end of the f i rs t  week (the volume of fluid which collected 
reached 7-10 l i te rs  in some of the animals) and it pers is ted  in most  of the animals for up to 2-3 months. 
The l iver was investigated 3 weeks and 1.5, 2.5, and 3.5 months after the beginning of the experiment.  Liver 
biopsy was per formed on 11 dogs at the above t imes,  necessi tat ing one or two additional laparotomy ope ra -  
tions. Altogether 33 observat ions were thus made on 13 dogs. The dynamics of f ibrosis  were studied in 
two dogs for 1.5 months, in six dogs for 2.5 months, and in three dogs for 3.5 months. Material  was fixed 
in 10 % neutral  formalin and embedded in paraffin wax. Sections were stained with hematoxyl in-eos in ,  with 
picrofuchsin by Van Gieson 's  method, with fuchselin for elastin, with azocarmine by Heidenhain's method, 
and for fibrin by Shueninov's method; other sections were impregnated with si lver by Pap ' s  method, t rea ted  
by Brache t ' s  method and the PAS reaction,  and stained With toluidine blue. Lipid s were stained in the frozen 
sections by means of a mixture of Sudan III and Sudan IV, and ferri t in was demonstrated in unstained sec -  

Department  of Pathological  Anatomy, I. M. Sechenov F i r s t  Moscow Medical Institute. (Presented by 
Academician of the Academy of Medical Sciences of the USSR A. I. Strukov.) Transla ted  from Byulleten'  
]~ksperimental 'noi Biologii i Meditsiny, Vol. 80, No. 7, pp. 109-112, July, 1975. Original ar t icle  submitted 
July 1, 1974. 

�9 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

833 



tions and after staining with hematoxy l in -eos in  by Klochkov's  method [2]. 

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

After 3 weeks (10 observations) s tas is  was observed in the sys tem of efferent  veins of the liver. 
Around the central  collecting veins and along the lines connecting them mass ive  hemorrhages  and necros i s  
were observed.  The hepatocytes of the per iporta l  zones were hypertrophied; the a r te r ies ,  veins, and lym-  
phatic capi l lar ies  of the t r iads  were dilated. A continuous basement  membrane appeared in the sinusoids. 
Hypertrophy of the muscular  layer  was observed in the efferent veins, the lumen of the large collecting 
veins was dilated, and that of the small veins was constr ic ted or they were completely closed, as also were 
the sphincter- l ike veins. 

The development of f ibrosis  began f rom the centra l  and small  collecting veins as a resu l t  of p ro l i fe ra -  
tion of f lbroblasts  in the adventitia of the veins (causing thickening of their wall) and "migrat ion" of fuch- 
sinophilic thin fibers f rom the wall of the veins to the adjacent parenchyma.  New connective t issue was 
formed in the a reas  of hemorrhage  and necros i s  in the per icen t ra l  and intermediate zones paral lel  with 
these changes; the collagen f ibers were ar ranged around the erythroeytes .  F ibros is  was connected with 
prol iferat ion of the Kupffer cells  of the adjacent parenchyma.  They became large and numerous PAS-posi -  
tive pyroninophilic and metachromat ic  granules appeared in their cytoplasm. 

After 1.5 months (11 observations) s tas is  of blood remained  in the liver, but recent  hemorrhages  and 
necros i s  were observed.  The hepatocytes in the per icent ra l  and intermediate zones were atrophied, whereas  
in the per ipor ta l  zones they were hypertrophied. Changes in the vesse ls  were s imilar  to those observed 
after 3 weeks, but, in addition, some of the central  veins were  excluded f rom the hepatic circulation. The 
lumen of those veins was closed by proliferat ing connective tissue, and the sinusoids around them had col-  
lapsed. At the boundary with the hemorrhages  and necrotic loci, in the subcapsular zones, and around the 
large collecting veins the sinusoids were g ross ly  dilated. 

F ib ros i s  of the parenchyma around the centra l  and collecting veins increased as a resul t  of p ro l i fe ra -  
tion of the f ibroblasts  of the adventitia. Organization of the a reas  of hemorrhages  and necros i s  by means 
of activated Kupffer cel ls  took place more  intensively, and the zone of f ibrosis  occupied a la rger  area.  

After 2.5 months (nine investigations), despite an improvement  in the clinical condition of all the ani-  
mals  and reduction of the asci tes ,  venous s tasis  continued in the liver.  The f ibrosis  was increased,  e s -  
pecial ly along the lines connecting neighboring centra l  and collecting veins, as the resul t  of which "inverted" 
lobules appeared and the dis turbances of the lymphatic circulat ion increased in severi ty,  especial ly around 

the collecting veins. 

After 3.5 months (three observations) decompensation of the circulation was still present  in only one 
animal. Recent  hemorrhages  and necrotic loci were present  chiefly in the subcapsular  zones. Old hemor-  
rhages  and necrotic loci were replaced by zones of hyperplastic argyrophil ic  and collagen fibers.  During 
organization of the hemorrhages ,  " trabeculae" of red  cel ls  were formed, bounded on both sides by a con-  
tinuous basement  membrane,  lined with endothelium. The sinusoids between these trabeculae were usually 
wide and empty or  they contained sol i tary red cells. Per ie ry th rocy t ic  sc le ros i s  continued within the "red 
cell t rabeculae,"  but no destruct ive changes were observed in the red  cells.  The "red cell t rabeculae" are  
considered to indicate blocking of the hepatic veins, and they are regarded  as a manifestation of in t ra t ra -  

becular  col la teral  circulat ion [19]. 

After part ial  constr ict ion of the inferior vena cava above the diaphragm, chronic venous s tas is  thus 
developed in the l iver,  with repeated hemorrhages  not only around the centra l  and collecting veins but also 
along the lines connecting them, following the resultant  of the p res su re  f rom the neighboring veins. In 
these a reas  "straightening" of the hepatic trabeculae and atrophy and necros i s  of the hepatocytes took place. 
As a resul t ,  "inversion" of the hepatic lobule was seen [14]. The subsequent f ibrosis  in these a reas  led to 
connection of neighboring central  and collecting veins by fibrous septa, producing a picture of "an inverted 
lobular pattern" [24], charac te r i s t i c  of nutmeg f ibrosis  of the l iver [13, 15, 17]. Nutmeg f ibrosis  of the 
l iver is cel lular  in its genesis .  The formation of collagen fibers close to the central  and collecting veins 
is connected with prol iferat ion of f ibroblasts  in the adventitia of the veins. 
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