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STRUCTURAL CHANGES IN THE LIVER PARENCHYMA OF RATS DURING LONG-TERM 

FEEDING ON DIETS DIFFERING IN PROTEIN CONTENT 

N. P. Bgatova~ G. N. Shorina, UDC 612.35.014.2-06:613~28:547.96 
J. ~imek, Z. Cervinkova, 
M. Hole~ek, and V. A~ Shkurupii 

KEY WORDS: diet; liver; ultrastructure. 

The liver is a metabolic center where substances taken in with the diet are transformed 
into a utilizable form to meet the energy and plastic requirements of the body. Individual 
food preferences, ecologic and economic factors determining the composition and quantity of 
food consumed, and also restrictions of diet in connection with disease may have a substantial 
influence on structural and functional parameters of the liver. 

The aim of this investigation was to study the effect of diets differing in their content 
of food components on the structural organization of the liver. 

EXPERIMENTAL METHODS 

Male Wistar rats were kept for 21 days on diets of the following composition: standard 
(25% protein, 53% carbohydrate, 22% fat), low-protein (6% protein, 73% carbohydrate, 21% fat), 
high-protein (60% protein, 27% carbohydrate, 13% fat) [9]. After alkaline dissociation of 
samples of liver, fixed in formalin [!], films were made from cell suspensions and stained 
with hematoxylin and eosin; the ratio of the number of binuclear hepatocytes to the total num- 
ber of hepatocytes was determined inpromille. The distribution of hepatocytes by ploidy class- 
es were studied in liver films stained by Feulgen's method. The measurements were done on an 
IK~M-I cytophotometer [4]. Samples of liver from five animals in each group were fixed in 1% 
OsO~ in phosphate buffer and embedded in Epon for electron microscopy. Epon sections I 
thick were stained with toluidine blue and used for morphometry, which was done in accordance 
with the recommendations in [II]. Differences between the mean values compared were taken to 
be significant at the P < 0.05 level (Student's test). 

RESULTS 

In animals kept on a low protein diet the weight of the liver decreased by 34% but its 
relative weight was unchanged; the number of diploid hepatocytes and the index of binuc!ear 
hepatocytes were increased (Fig. I, Table l)u Together with an increase in the relative vol- 
ume of the parenchyma, this can be taken as evidence of activation of proliferation [3]. The 
increased glycogen concentration (Table 2)may perhaps be connected with slowing of its phos- 
phorylation on account of depressed glucose-6-phosphatase activity [i0]. 

The number of attached ribosomes and the surface area of the membranes of the rough en- 
doplasmic reticulum (RER) were slightly reduced (Fig. 2; Table 2)~ Mainly secretory proteins 
are synthesized on attached ribosomes of the hepatocyte RER [13], and under conditions of pro- 
tein insufficiency their synthesis is restricted [5]. On that account, evidently~ synthesis 
of transport proteins also was depressed, and this led to accumulation of !ipids (Table 1). 
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Fig. i. Distribution of hepat- 
ocytes by ploidy. Ordinate, 
number of hepatocytes (in %); 
2N, 4N, 8N) di-, tetra-, and oc- 
taploid hepatocytes respectively. 
Unshaded columns indicate stand- 
ard diet, obliquely shaded, high- 
protein diet; horizontally shaded, 
low-protein diet. 
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Fig. 2. Results of investigation 
of number of ribosomes in hepato- 
cytes. Ordinate: on left, num- 
ber of ribosome in 1 s of hepato- 
cyte cytoplasm (N v) ; on right, 
number of ribosomes in cytoplasm 
in one hepatocyte (N). I) At- 
tached ribosomes, II) free ribo- 
somes. Remainder of legend as to 
Fig. i. 

With a reduction of the intake of exogenous proteins, catabolic processes begin to predominate 
in the liver and the liver proteins are utilized as an endogenous source of amino acids [5]; 
indirect evidence of this is given by the results of investigation of lysosomes, for the frac- 
tion of secondary lysosomes was increased fivefold (Table 2). 

The increase of 30% in the number of free ribosomes (Fig. 2) and also in the surface area 
of the membranes of RER (Table 2) could be the result of detachment of ribosomes from RER mem- 
branes [14]. The bulk density of the mitochondria was reduced by 20% and the surface area of 
their inner membranes also was considerably reduced (Table 2), further indirect evidence of 
depression of hepatocyte function. 

The increase in the total number and volume of peroxisomes (Table 2) was probably linked 
with insufficiency of mitochondrial oxidation processes, and also with oxidation of fatty 
acids due to excess accumulation of lipids during feeding with a low-protein diet [12]. 

During the use of a high-protein diet the absolute weight of the liver increased by 60% 
and its relative weight by 29%; the mean volume of the hepatocytes increased by 30% (Table i). 
The ploidy of the hepatocytes and the index of binuciear hepatocytes did not change signifi- 
cantly (Fig. i; Table i). Total volumes of lipid inclusions and of glycogen did not exceed 
the control values (Table 2). During feeding on a high-protein diet, just as on a low-protein 
diet, the number of attached ribosomes and the surface area of the RER membranes were somewhat 
lower than in the control, but the number of free ribosomes and the surface area of the RER 
membranes were increased (Fig. 2; Table 2). 

Administration of a large quantity of protein is associated with an increase in the func- 
tional load on the hepatocytes [2]. In that case, adaptive changes might be expected in the 
structural organization of the hepatocytes. In fact, the total surface area of the membranes 
of the mitochondria and endoplasmic reticulum, both rough and smooth, was 15% greater than in 
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F i g .  3, Results of in- 
vestigation of surface 
area of cytoplasmic or- 
ganelles of hepatocytes 
(in p2). Legend as to 
Fig. 1. 

TABLE I. Volumetric and Gravimetric Parameters of Liver Hepatoeytes 
(M • m) 

Parameter gudied 

Weight of liver, g 
Relative weight of liver 
Liver paranchyma (Vv) 
Hepatoevtes (V) 
Index of'binuclear hepatoeytes 

standard 

8, Oi:O, 37 
4,1 :hO, 07 

91,1:hl,O 
3068, 8_+230,4 
302, 0___20,2 

Diet 

hi~h-protein 

12,8:t:0,35" 
5,3:h0,05" 

89,1:ht,85 
3815,0• 
306,0• 

low -protein 

5,3• 
3,8~0,71 

94,0___0,80* 
2072,3:t=123,9"** 
435,0+-26, O* 

Note. \%) Fraction by volume; V) volume (in ~3). *) Difference from 
control is significant; ***)[not explainedin Russianoriginal -- Editor]. 

TABLE 2. Results of Morphometry of Subceliular Structures of llepato- 
cytes (M • m) 

Parameter st udied 

Mitochondria (Vv) 
Mitochondria: 

outer membrane (Sv) 
inner membrane (Sv) 

'V v of secondary 1 Lysosomes ( - -  
j 

PER (Sv) 
Smooth endoplasmie reticulum (Sv) 

Diet 

standard I high-protein 

31,1 -+0,96 

1,4_+0, 04 
5,0+-0,18 

1,9+-0,76 

2,4+_2,0 
0,8-+0,11 

32,0-+0,97 

1,5• 
4,2-+0, 17"* 

0,9+_0,36 

2,0_0,2 
0,9-+0,09 

low -protein 

15, 0-+0,95*** 

I, 2-+__0, 05* ~ 
4,4-+0,22" 

5,0+1,18 

2,1+-0,1 
1,0+-0,13 

p eroxisomes 
Vv 
Nv 

Lipid inclusions 
Vv 
V~ 

Glycogen 
Vv 
V~ 

1,5-+0, 16 
O, 1_0,01 

0,28+-0,28 
0,01+-0,t 

389,4_+39,0 
13,8• 

1,7--• 13 
O, 14-+0,01" 

5,02!3,26 
0,14-+__0, 09 

466,6-+ 46, 79 
i3,6+_.0,75 

i ,9-+0, 16 
O, 18___O,OW {** 

139,6-+27,67 :~** 
7,5-+I,4"** 

595,8i49,57"* 
32,1 --4-1,6"** 

Note. Vv) Bulk density of structures (in % of volume of cytoplasm), 
Sv) surface density (in ~a/~s volume of cytoplasm), V) total volume of 
structures (in ~3, calculated per hepatocyte), Nv) numerical density 
of structures (number of 1 ps volume of cytoplasm). [Significance of 
asterisks not explained in Russian original -- Editor.] 

the control (Fig. 3). However, the bulk density of the mitochondria corresponded to the con- 
trol value, whereas the surface density of the inner membranes was reduced by 16% (Table 2). 
The decrease in surface area of the inner mitochcndria! membranes could be the result of in- 
hibition of some of the enzymes of glycolysis and of the Krebs' cycle in connection with ac- 
cumulation of surplus energy in the form of an increase in the intracei2ular ATP concentra- 
tion during consumption of a diet with a high protein content [6]~ 
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The need to "reprocess" the surface energy mainly with a view to its long-term accumula- 
tion in the form of high-molecular-weight compounds [6], evidently was responsible for the in- 
crease in bulk and numerical density of peroxisomes (Table 2). 

During consumption of a low-protein diet, besides evidence of adaptive structural changes 
in the liver parenchyma (proliferation of hepatocytes, an increase in the number of secondary 
lysosomes, undertaking mobilization and redistribution of endogenous reserves) [7], which evi- 
dently took place in the early period of consumption of the diet, atrophic changes thus also 
were observed. These latter evidently predominated in the later periods of consumption of the 
low-protein diet by the animals. If the protein intake was excessive, on account of the in- 
creased functional load on the liver, adaptive structural changes in its parenchyma were ex- 
pressed as hypertrophy of hepatocytes and hyperplasia of their subcellular structures. 
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An important role in the pathogenesis of the toxic action of alcohol on the liver is 
played by disturbances of a number of enzymic and metabolic processes in hepatocytes. Induc- 
tion of mono-oxygenases and mobilization of cytochrome P-450-dependent hydroxylation reactions 
(including the microsomal ethanol-oxidizing system), initiation of free-radical reactions and 
processes of lipid peroxidation (LPO), as well as activation of mesenchymal reactions (colla- 
gen synthesis, fibrillogenesis), deserve attention in this context [3]. 

The first two mechanisms are provided by a single NADPH-dependent electron and proton 
transport system in membranes of the endoplasmie reticulum (ER) of the hepatoeytes [i]. Under 
the influence of oxidation of ethanol, conditions are created in ER for intensification of 
free-radical reactions on induced cytochrome P-450 and an increase in the activity of peroxi- 
dation of cell membrane phospholipids [2, 9, ii]. As a result of enzymic and metabolic modi- 
fications in the hepatocytes under the influence of ethanol mesenchymal reactions are activated. 
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