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Age-dependent changes of rat liver plasma membrane composition 
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Summary. The chemical composition of liver plasma membrane was studied in Wistar rats aged between 3 and 24 months. Results 
obtained indicate a significant age-dependent positive correlation of both the protein:phospholipid and cholesterol:phospholipid 
ratios, whereas the protein:cholesterol ratio seems to remain unaffected. Phospholipid analysis of  liver plasma membrane reveals 
that only the phosphatidylcholine content has a significant negative correlation with age; all other phospholipid species remain 
basically unchanged. 
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A number of cellular functions which involve, at least partially, 
the participation of the plasma membrane show age-related 
modifications 2, 3 Whether aging affects the gross plasma mem- 
brane composition, leading in turn to the observed modifica- 
tions, is still under debate since the characteristics of many 
membrane-bound proteins, including enzymes and receptors, 
are largely influenced by the physicochemical properties of  the 
membrane microenvironment 4. 
Data to be reported here deal with some major modifications 
occurring in rat liver plasma membrane composition over the 
post-maturation period of life, spanning from 3 to 24 months. 
As it is well known, the hepatocyte plasma membrane is a com- 
plex organelle consisting of three functionally and morphologi- 
cally distinct domains: i.e. the blood sinusoidal front, the bile 
canalicular front and the lateral surfaces, accounting respec- 
tively for about 72%, 13 % and 15 % of the total surface area s. 
As a first approach, and in order to obtain membrane prepara- 
tions representative of all three domains, we chose to follow the 
isolation procedure recently developed by Hubbard and co- 
workers 5 which gives a yield of about 50% sinusoidal front 
membranes, whereas previous methods seem to favor an enrich- 
ment of bile canalicular and lateral membranes s. The present 
work indicates that liver plasma membrane composition is in- 
deed affected by aging, in a fashion which is suggestive of a 
possible decrease of  membrane lipid fluidity. 
Material and methods. Male Wistar rats, aged between 3 and 24 
months, fed with a standard diet, were starved 16 h before 
experiments. Before sacrifice, animals were anesthesized by i.p. 
injection of sodium pentobarbital (12 mg/kg b. wt). The average 
b.wts of  animals employed were as follows (mean :k SD): 
140 + 35 g (3 months); 440:1:65 g (12 months); 465 + 40 g (18 
months); 505 + 45 g (24 months). Each age group consisted of 
six animals. 
Livers were perfused in situ with 300 ml of cold 0.15 M NaC1 
before starting the plasma membrane isolation procedure ac- 
cording to Hubbard and coworkers s. Isolated liver plasma mem- 
branes were first washed with 0.015 M EDTA (pH 7.4), then 
resuspended and washed with 0.05 M Tris-HC1 buffer (pH 7.5) 
containing 0.1 M NaCI, and finally resuspended in twice distilled 
water at a final concentration of 1.5 mg protein/ml. The purity of 
our plasma membrane preparations was checked by the distribu- 
tion of marker enzymes (Na+-K+)-ATPase and 5'-nucleotidase, 
assayed as previously reported 6. The average enrichment factor 
of specific activity in the plasma membrane fraction with respect 

to homogenate was 24 and 19 for (Na+ K+)-ATPase and 5'-nu- 
cleotidase respectively. In order to rule out a possible contami- 
nation of plasma membrane preparations by endocellular mem- 
branes, routinary assays of cytochrome oxidase, acid phospha- 
tase and glucose-6-phosphatase were carried out following al- 
ready reported procedures v. The average enrichment factors 
were 0.3, 1.0 and 0.9 for cytochrome oxidase, acid phosphatase 
and glucose-6-phosphatase respectively. Proteins were estimated 
by the method of Lowry 8 using bovine serum albumin as a 
standard. 
Total phospholipids were extracted according to Bligh and 
Dyer 9 all steps being performed under nitrogen. Individual phos- 
pholipid species were separated by thin layer chromatography 
using silica gel G plates (Merck, Darmstadt, FRG) activated for 
1 h at 120~ as previously reported in detaiP ~ The average 
recovery was 85%, a result which remains constant with aging. 
Total cholesterol was determined by the cholesterol oxidase 
method using a high performance 'Monotest '  kit (Boehringer, 
Mannheim, FRG). 
Results and discussion. Figure 1 shows three major ratios of 
plasma membrane components. Protein :cholesterol ratio (fig. 1, 
A) remains fairly constant with aging, whereas pro- 
tein:phospholipid (fig. 1, B) as well as cholesterol:phospholipid 
ratio (fig. 1, C) show a positive correlation with age, increasing 
significantly between 3 and 24 months; it is worth mentioning 
that an increase of the latter ratio with age has been reported so 
far only in human erythroeyte plasma membrane 4, H. In particu- 
lar a t-test for means obtained from data reported in figure 1, B, 
gave the following results: 3 months vs 12 months, n.s.; 3 months 
vs 18 as well as 24 months, p < 0.001 ; 12 months vs 18 months, 
n.s.; 12 months vs 24 months, p < 0.01 ; 18 months vs 24 months, 
p < 0.01. For data reported in figure 1, C, only the comparison 
between age groups 3 and 24 months gave a significant 
(p < 0.001) t-test. The phospholipid pattern of liver plasma 
membranes in aging Wistar rats is reported in figure 2. The 
phosphatidylcholine level (fig. 2, A) shows a significant negative 
correlation with age, whereas phosphatidylserine + phosphati- 
dylinositol (fig. 2, B), phosphatidylethanolamine (fig. 2, C) and 
sphingomyelin (fig. 2, D) levels do not seem to be significantly 
related to age. The comparison between age groups for means 
obtained from data reported in figure 2, A gave the following 
results as for a t-test evaluation: 3 months vs 12, 18 and 24 
months, p < 0.001; all other differences being not significant. 
Our results represent, to our knowledge, the first report of  the 
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phospholipid composition of rat liver plasma membrane during 
aging. Actually, a report was presented years ago 12 showing no 
significant change of liver plasma membrane composition with 
age, but the comparison with our data is somewhat difficult 
because of the different rat strain employed and the unclear 
indication of the age of the animals, which were only divided 
according to their weight. 
As far as young adult animals (3 months) are concerned, the 
results reported in figures 1 and 2 are in good agreement with 
published literature ~2-17. These results represent, so far, the only 
available characterization of the phospholipid pattern of lipid 
plasma membranes obtained following the Hubbard's proce- 
dure 5. Moreover, our results strongly support the morphological 
and enzymatic characterization reported by Hubbard 5, being in 
close agreement with results published by Evans and co- 
workers ~5 concerning the lipid composition of sinusoidal front 
liver membranes, thus suggesting that Hubbard's method does 
indeed give an appreciable enrichment of this fraction of plasma 
membranes. 
It has been proposed that the decrease of phosphatidylcholine 
content ~8'~9 and/or the increase of protein:phospholipid and 
cholesterol:phospholipid ratios m'2~ can be considered among 
factors leading to the decrease of membrane lipid fluidity. On 
such a basis, the results reported in the present communication 
indicate that a significant decrease of liver plasma membrane 

Figure 1. Protein:cholesterol ratio (A, mg/pmole); protein:phospliolipid 
ratio (B, mg/lxmole); and cholesterol:phospholipid molar ratio (C) were 
determined on rat liver plasma membranes isolated from animals of 
various ages. Regression analysis of reported values gives the following 
correlation coefficient (r): A, r = 0.33 (n.s.); B, r = 0.82 (p < 0.01); C, 
r = 0.46 (p < 0.05). 
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were determined on liver plasma membranes isolated from animals of 
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phosphatidylserine + phospbati- various ages. Regression analysis of reported values gives the following 
correlation coefficient (r): A, r = 0.79 (p < 0.01); B, r = 0.28 (n.s.); C, 
r = 0.18 (n.s.); D, r = 0.03 (n.s.). 
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lipid fluidity might take place during the aging process, thus 
suggesting that a variety of membrane-linked phenomena, such 
as enzymatic activities or hormone responsiveness 2-~, are in some 
way modulated by changes of plasma membrane microenviron- 
ment. 
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Summary. Electron microscopy demonstrated the presence of glycocalyx on the cell surface of Chattonella antiqua, which was 
previously believed to be 'naked'. Histochemical analysis of this structure indicates that the glycocalyx consists of at least two 
different types of acidic complex carbohydrates, sulfated and nonsulfated, together with a neural carbohydrate-protein complex with 
1,2-glycol groups and cc-D-mannosyl and ~-D-glucosyl residues. 
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Modern microscopic techniques have disclosed a wide variety of 
cell surface specializations in phytoplankton. Nevertheless, there 
is a flagellate group called 'naked plankton 't' 2. Chattonella anti- 
qua, noted for its bloom, is a species of this group belonging to 
Rhaphidophyceae. The extremely delicate structure of these or- 
ganisms has prevented an approach to the study of their surface 
morphology by conventional microscopic techniques. Thus, 
they have long been considered to be bounded simply by the 
plasma membrane directly exposed to the ambient water 3. In 
animal and plant cells, however, recent studies have accumu- 
lated abundant evidence that most if not all ceil surfaces have a 
special structure with polysaccharide-rich components 4,5. 
Though the terminology of these structures has not been estab- 
lished, 'glycocalyx', proposed by Bennet 6 seems to be most often 
used in recent papers. In the present study, we attempted to 
elucidate the surface morphology and histochemistry of Chatto- 
nelta antiqua at electron microscopic (EM) and light microscopic 
(LM) levels. 
Materials and methods. Patches of Chattonella antiqua were ob- 
tained from Aichi Prefectural Fisheries Experimental Station. 
The organism was originally isolated by S. Toriumi from Mi- 
kawa Bay, Japan in 1972. Chattonella cells were grown in Guil- 
lard ' f  medium 7, at 20-240C, under 3000 lux CW fluorescent 
light, and a 14:10 h light:dark photoregime. For the present 
study, cultures in the early-exponential growth phase (at a cell 
density of about 500/ml) were used. For the EM study, 100 ~tl of 
a cell suspension were placed in a centrifuge tube, and 200 gl of 
t % alcian blue (AB) solution (pH 2.5) were added to the tube 
just prior to the use of a fixative (200 gl) consisting of collidine- 

Figure 1. Electron micrograph of Chattonella cell (cross section) illustrat- 
ing glycocalyx on the cell surface. Inset shows a part of the plasma 
membrane from another cell. Fine filaments appear to be continuous 
through the plasma membrane. Bars denote 1 !am. gc, glycocalyx; ch, 
chloroplast; n, nucleus. 


