
1 0 ~ 6  Bulletin of Experimental Biology and Medicine, Vol. 126, N'-, I0, Octobe:r, 1998 

MORPHOLOGY AND PATHOMORPHOLOGY 

Comparative Morphofunctional Study of Liver 
Acini in Peritonitis of Different Origin 
O. D. Mishnev, A. I. Shchegolev, and I. M. Salakhov 

Translated from Byulleten" Eksperimental'noi Biologii i Meditsiny, Vol. 126, No. 10, pp. 464-466, October, 1998 
Original article submitted April 10, 1998 

Structural and metabolic characteristics of liver acini are studied in the peritonitis patients. 
In peritonitis, changes in the activities of hepatocyte dehydrogenases in different acinus 
zones depend on its causes. The entry of gram-negative bacteria lipopolysaccharides into 
portal blood flow and liver is an important factor in the pathogenesis o f  progressing 
hepatic failure. 
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The efficacy of  t rea tment  o f  patients with peritonitis 
is de termined by t imely  surgery to eliminate the 
cause of  peritonitis and to correct progressing poly- 
organ t~ailure [7]. Restoration of the morphology and 
function of  the liver, the first barrier organ pre-  
venting dissemination of  intoxication in peritonitis 
[8,10], is an impor tant  therapeutic measure. 

We compared the morphology and function of  
liver acini in patients with peritonitis of  different 
genesis. 

MATERIALS AND METHODS 

Material was col lec ted  during 30 early autopsies 
from patients with peritonitis (16 women and 14 
men aged 33-87 years). All cases were divided into 
4 groups according to microbiological characteristics 
of  exudation [4,9]. Group 1 included 5 patients with 
peritonitis complicat ing the course of  gangrenous 
cholecystitis (four patients) or resulted from perfora- 
tion of  chronic gastroduodenal ulcer (one patient). 
Group 2 included 14 patients with peritonitis coin- 
plicating diseases of  the small intestine: gangrene 
resultant from acute  thrombosis of  mesenteric ar- 
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teries (eight patients), adhesive ileus (thlee patients), 
and incarcerated hernias (three patients). Group 3 
included patients with peritonitis which resulted fl'om 
perforation of  the sigmoid colon (three pa-tients) or 
was a complication of  acute appendicitis (two pa- 
tients). Group 4 consisted of 6 patients with pan- 
creonecrosis complicated by peritonitis. Diffuse fibri- 
nous purulent peritonitis was obselwed in all groups. 
Control group hlcluded 6 early forensic medical attto- 
psies (4 men  and 2 women  aged 42-71 years): 4 
sudden deaths and 2 traumas incompatible wilh life. 

Autopsy was carried out 45-90 min after death 
had been certified. Fragments of  the right lobe of 
the liver were frozen and stored in liquid nitrogen. 
The activities of  succinate, malate, isocitrate, gluta- 
mate, 3-hydroxybutyrate, glucose-6-phosphate de- 
hydrogenases  and NAD and N A D P  diaphoreses 
were detected in cryostate sections by histoenzy- 
matic methods [6]. Enzyme activities were measured 
in the first and third zones of  liver acinus with 
Microvideomat  TV image analyzer (Opton)  con-  
trolled by a Wang 720c computer  using software for 
photometric analysis of  histological prepalations 113]. 
The periportal-periventricular gradient of  enzyme 
activities ha the acinus (K) was calculated. Paraffin 
sections o f  liver tissue were stained with hematoxylin 
and eosin. 

0007-4888/98/0010-01056520.00 o1999 Kluwer Academic/Plenum PLJbli.shers 



O. D. Mishnev, A. 1. Shchegolev, and L M. Salakhov 1057 

Digital material was processed using the methods 
of  parameterical and nonparametrical statistics. The 
index of  hepatocyte morphology and function was 
calculated using multifactorial analysis. 

RESULTS 

Microscopic examination of  liver preparations showed 
pronounced circulatory disorders in all groups: ple- 
thoric sinusoids, leukostasis, extended Disse's spaces, 
and small hemorrhagic foci more pronounced  in 
peritonitis resulting from perforation of  the large 
intestine. Protein and fatty dystrophy and mono-  
cellular, centrolobular,  and triangular necroses of  
hepatocytes were observed. 

Histophotometric analysis of  dehydrogenase ac- 
tivities revealed structural and metabolic hetero-  
geneity o f  hepatocytes  in peritonitis of  different  
origin (Table 1). The activity of  glutamate dehydro- 
genase, which characterizes the protein and amino 
acid metabolism, was markedly decreased. The lowest 
activity was observed in the pancreonecrosis group: 
26.6% of  the mean normal  level for the acinus, 
which was apparently due to the synergic effect of  
pronounced intoxication and hypoxia. The activity 
of  glucose-6-phosphate dehydrogenase, a marker of  
pentose phosphate shunt o f  glucose and citric acid 
enzymes oxidation, was decreased. Changes in the 
Krebs' cycle enzymes were as follows: activities of  
succinate and isocitrate dehydrogenases decreased in 
the periventricular zones in all groups, while that 

o f  malate dehydrogenase decreased in the periportal 
areas o f  the acini. Suppression o f  glycolysis, as 
evidenced by low activity of  lactate dehydrogenase, 
is another indicator of  endotoxicosis. The decrease 
in lactate dehydrogenase activity in tile acini in 
different  groups was as follows: in group I tile 
enzyme activity decreased in periventricular zones 
(by 17.8% vs. the control, p<0.05), in groups 3 and 
4 in the periportal areas (by 25.2 and 22.3%, re- 
spectively, p<0.05), and in group 2 in all areas 
similarly (by 17% in the first zone and by 16.9 in 
the third, p<0.05). Low values of  NAD and NADP 
diaphorase activities also indicate the suppression of 
energy production. 

The resultant index of  hepatocyte morphology 
and function objectively shows the extent of  damage 
to the liver acini in the studied groups (Fig. 1). The 
minimal values and, consequently, the greatest injury 
to liver tissue, are observed in pancreonecrosis and 
peritonitis resulting from the large intestine per- 
foration. In all groups the indices of  the hepatocyte 
morphology and function are the lowest in the peri- 
ventricular zones of  acini, which corresponds  to 
predominant localization of  cellular dystrophy and 
necrosis. 

Our  results indicate that the liver damage is 
more pronounced in peritonitis caused by perfora- 
tion o f  the large intestine. This may be due to the 
entry o f  numerous bacterial endotoxins  released 
from destroyed bacterial cells into the abdominal 
cavity and portal blood flow. It was reported that 

TABLE 1. Hepatocyte Dehydrogenase Activities in Acinus Zones 1 and 3 in Peritonitis (M+m, Arb. Units) 

Group 

Control 

Acinus 
zone 

1 

3 

K 

1 

3 

K 

1 

3 

K 

1 

3 

K 

1 

3 

K 

Succinate 
DH 

547+15 

462• 

1.18 

263• 

219• 

1,2 

244• 

183+10 

1.33 

214• 

182+10 

1.18 

210+14 

168+11 

1.25 

Malate 
DH 

606• 

470+16 

1.29 

245• 

198• 

1.24 

239• 

192• 

1.24 

204+10 

174• 

1.17 

206• 

171• 

1.2 

Isocitrate 
DH 

512+23 

600+19 

0.85 

247+12 

201 +10 

1.23 

243+12 

198+10 

1.23 

221 +13 

184+10 

1.2 

226+12 

183+10 

1 ~23 

3- 
Lactate Hydroxy- 

D H butyrate 
DH 

770• 497• 

669+19 604• 

1.15 0.82 

672• 229• 

550• 173• 

1.22 1.32 

639+19 216• 

556• 169• 

1.15 1.28 

576• 179+11 

543_+19 154• 

1.06 1.16 

598• 183• 

531+19 137• 

1.13 1.34 

Gluta- 
mate DH 

511• 

6O7• 

0.84 

220• 

196• 

1.12 

217• 

183+11 

1.19 

173• 

154• 

1.12 

168+13 

151+14 

1.11 

Glucose- 
6-phos- 

phate 
DH 

430• 

516• 

0.83 

384• 

316• 

1.22 

379• 

308• 

1.23 

349• 

298• 

1.17 

341 • 

272• 

1.25 

NAD 

678• 

779+18 

0.87 

522• 

394• 

1.32 

517• 

389• 

I 1.33 
509• 

362+t 1 

1.41 

502• 

364+11 

1.38 

NADP 

678+_.15 

803• 

0.84 

521• 

463• 

1.13 

523• 

448• 

1.17 

509• 

447• 

1.14 

493• 

439• 

1.12 
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Fig. 1. The index of hepatocyte morphology and function of the first 
(light bars) and third (dark bars) acinus zones in peritonitis, 

por ta l  a nd  sys temic  e n d o t o x e m i a  (with p r e d o m i -  
nant ly  g ram-nega t ive  microf lora)  occurs  in all pa -  
t ients  wi th  per i toni t i s ;  its main  sourse  is the in-  
testine,  but  no t  the abdomina l  cavity [1]. Endo tox in  
( l ipopo lysaccha r ide  o f  the  external  wall o f  g r am -  
negative bacter ia) ,  par t icular ly  toge ther  with g r am -  
posit ive mic ro f lo ra ,  d i rec t ly  and indi rec t ly  affects  
the liver [2,14]. The  p resence  of  the endo tox in  in 
subcel lu lar  he pa tocy t e  s t ructures  and Kupffer ' s  cells 
several  m i n u t e s  a f t e r  i n t r a v e n o u s  i n j ec t i on  c o n -  
f i rmed the i lnmedia te  e f fec t  o f  endo tox in  [12,15]. 
Ind i rec t  da ma ge  to the l iver  by endo tox in  is m e -  
d ia ted  by  ac t iva t ion  o f  neu t roph i l i c  p o l y m o r p h o -  
nuc lea r  l eukocytes  and macrophages .  Low doses o f  
endo tox in  result  in l eukocy te  adhesion in the per i -  
portal  zones  o f  the liver [11], while high doses lead 
to the i n v o l v e m e n t  o f  the  pe r iven t r i cu l a r  ac inus  
zones,  which  was no ted  in microscopic  examina t ion  
o f  p r e p a r a t i o n s .  Ac t iva t ion  o f  neu t roph i l i c  p o ly -  
m o r p h o n u c l e a r  leukocytes  (particularly in endo tox in  
shock) [131 results in p ronounced  damage to hepa to -  
cytes. M a c r o p h a g e s  reac t ing  with l i popo lysaccha -  
rides release n u m e r o u s  t ransmit ters ,  cytokines ,  and  
oxygen radicals,  which t r igger  a cascade  o f  pa tho -  

logical react ions  leading to po lyorgan  failure. It is 
n o t ew o r th y  that  th ree  zones  o f  acini were severely 
damaged  in all s tudied patients;  the main de toxica-  
ting hepa tocy t e  systems are local ized in these z o n e s  
[5]. This is probably  the cause o f  general izat ion o f  
in toxicat ion and  polyorgan fai lure in pat ients  with 
peritonit is .  

Thus ,  the  d e t e c t e d  s t ruc tura l  and  me tabo l i c  
injuries to liver acini  reflect  the specific feamres  o f  
m o r p h o -  and  pa thogenes i s  o f  hepat ic  failure de-  
veloping in peritonit is .  The  release o f  gram-negat ive  
bacter ial  l ipopolysacchar ides  into the portal blood 
flow and liver is an impor t an t  pa thogenic  factor.  
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