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The copper content in the l iver  was lowered in persons dying from toxic degeneration of the 
l iver  and in rabbits and rats  poisoned with carbon te t rachlor ide .  Administrat ion of m i c r o -  
doses of copper to the animals r e s to red  the copper concentration inthe l iver  andhad a n o r -  
malizing effect on the s t ruc ture  of the organ.  

The biological role of copper is the subject of an extensive l i e ra ture  [1, 4, 5]. Disturbances of the 
copper concentrat ion in the blood and internal organs and of copper metabolism have been demonst ra ted  in 
various diseases ,  some of them infectious [2, 7, 8]. The authors '  previous investigations,  using emiss ion 
spect ra l  analysis ,  demonstra ted an increase  in the blood copper concentrat ion at the height of infectious 
hepatitis [6]. 

In the present  investigation the method of quantitative emiss ion spectra l  analysis,  using the ISP-30 
apparatus and the Okamoto -  Usman his tochemical  method, was used to study the concentrat ion and local iza-  
tion of copper par t ic les  in the l iver  of ten healthy persons  dying accidentally,  and 7 patients with infectious 
hepatitis dying with manifestat ions of toxic degeneration of the l iver .  The copper concentrat ion was also 
studied in the l iver  of 12 healthy chinchilla rabbits and of rabbits with acute hepatitis produced by a course  
of three parentera t  injections of 40% CCt4 solution in peach oil, in a dose of 0~5 ml /kg  per  injection, at 
intervals  of 24 h (18 animals).  

In order  to study whether copper can be used for therapeutic purposes  in acute l iver  lesions,  the 
effect of enteral  administrat ion of a single microdose  (5 3 rabbits) and of three parentera l  injections (96 
rats) of microdoses  of copper (0.6 and 0.3 mg/kg  per injection) on the concentrat ion of copper in the l iver  
was investigated. 

EXPERIMENTAL METHOD 

Before spectral analysis, the dried organs were incinerated in a muffle furnace at 400-420 ~ to obtain 
a whitish-gray powder. The mean ash index was 1:80. 

Pieces of liver measuring 0.3 • 0.2 cmfor histochemieal investigation were fixed in Carnoy's fluid 
and in a 0.1% alcoholic solution of Yubeanie acid, passed through alcohols of increasing concentration, and 
embedded in paraffin wax. Dewaxed sections were stained with hematok~ylin-eosin and by the Feulgen and 
Brachet reactions for DNA and RNA, with the appropriate controls; acid mucopolysaecharides were deter- 
mined by Hale's reaction and neutral rnucopolysaccharides by the MeManus method. 

EXPERIMENTAL R E S U L T S  

The resul ts  of spect ra l  investigation of copper in the human l iver  were as follows: in the healthy 
l iver  its concentration was 0.61=~0.03 rag%, and in the l iver  of patients dying f rom toxic degeneration the 
copper concentrat ion was sharply reduced to 0~ mg%. 
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Fig. 1. Photomicrograph  of human l i v e r ,  a) Healthy person 
dying accidentaIIy; b) patient dying f rom toxic degeneration of 
the l iver:  marked decrease  in number  of copper granules in 
nuclei of hepatocyteso O k a m o t o - U s m a n  method, 900 x. 

TABLE 1. Copper Concentration in Liver  
of Rabbits with Acute Experimental  �9 
Hepatitis (M+m) 

Group of rabbits 

Intact . . . . . . . . . . . . .  
With hepatitis . . . . . . .  
Receiving copper . . . . .  
With hepatitis and r e -  

ceiving copper . . . . . .  

Copper concen-  
t rat ion (in mg %) 

0.49~0.006 
0.27~0.004 
0.57~0.007 

0.54~0.009 

Histochemical  tests  of the healthy human l iver  revealed 
very  many small  dark granules  of copper on the surface of 
the nuclear  membranes  of the hepatocytes .  The copper 
granules did not extend outside the nuclei, and the Kupffer 
cells were f ree  f rom them. Sections of the l iver  f rom persons 
dying in hepatic coma showed a sharp decrease  in the number 
of unchanged hepatocytes (Fig. 1)o Most l iver  cells showed 
degenerative changes.  The number of copper granules on the 
surface of the karyo lemma was considerably reduced.  Hepa- 
toeytes whose nuclei were completely without copper granules 
were frequently seen.  Copper granules  appeared,  somet imes  
in large  numbers ,  in the cytoplasm of the re t icu lar  cells f rom 
the l iver of some patients dying f rom toxic degeneration of 
the l iver .  

The experiments  on animals also revealed a decrease  in the copper concentration in the l iver  in toxic 
hepatitis (Table 1). 

Histochemical investigation showed a marked decrease  in the number of copper granules in the hepa-  
tocytes (Fig. 2), an increase  in the cytoplasmic RNA content, a decrease  in the glycogen content, and an 
i r r egu la r  distribution of neutral  mucopolysacchar ides  in the cytoplasm in acute experimental  hepati t is .  A 
small  quantity of Hale-positive substances,  which were absent in the l iver  cells of healthy animals,  appeared 
in hepatocytes with a deformed, disintegrating nucleus. 

Adminis t rat ion of microdoses  of copper to the healthy animals and to animals with hepatitis,  both 
when a single enteral  dose was given (rabbits) and, to a g rea te r  degree,  af ter  three parentera l  injections of 
doses of 0.6 and 0.3 mg/kg  (albino rats) ,  led to a marked increase  in the concentration of the t race  element 
in the l iver .  After  administrat ion of copper in doses of 0~ mg/kg  parentera l ly  for 3 days, a sharp increase  
in the number of Kupffer cells in the l iver  t issue was found 24 h after  the las t  injection, which may account 
for  repor ts  in the l i te ra ture  that copper s t imulates antibody formation [3, 4] ~ 

Copper was also found to have a definite normaliz ing effect on l iver  s t ruc ture .  Although the edema 
and cloudy swelling of the l iver  parenchyma,  charac te r i s t i c  of acute hepatitis, still remained,  they were not 
diffuse but local ized in charac te r .  The cytoplasm of the hepatocytes stained c lear ly  with pyronine, and the 
cytoplasmic RNA was uniformly distributed.  The number of RNA granules remained increased,  as during 
hepati t is .  The cell nuclei were less  deeply stained than normal ly .  The number  of Kupffer cells  was c lear ly  
increased .  
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Fig. 2. Photomicrograph of ra t  l iver,  a) Acute CCI4 hepatitis; 
b) acute CC14 hepatitis + copper, 0~ gg/kg parenterally daily 
for 3 days. Hematoxylin-eosin, 400 x .  

Consequently, both under clinical conditions (in patients with infectious hepatitis who developed toxic 
degeneration of the liver) and in experiments on animals, acute liver damage is accompanied by loss of the 
trace element copper. In experiments on animals, enteral and parenteral administration of microdoses of 
copper helps to restore the copper concentration in the liver and the normal morphological structure of the 
liver parenchyma. 

Parenteral injection of copper daily for 3 days produces a marked increase in the number of Kupffer 
cells. In the authors' opinion, this explains the ability of copper to stimulate immunogenesis. 
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