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Cultured heart cells serve as a common model for studying the electronphysiology and pharmacology of
intact cells of the myocardium from which they are derived (Sperelakis, N. (1982) in Cardiovascular
Toxicology (Van Stel, EW., ed.), pp. 57-108, Raven Press, New York). In this study, heart cell reaggregates
were used for investigating the relationship between lipid composition and aging of the heart cells. Spherical
reaggregates were prepared from newborn, 3- and 18-month-old rats, respectively. They were grown for 6
days in culture and then analyzed for their lipid composition and creatine phosphokinase levels. There was
an age-related increase in total phospholipids and cholesterol level per unit of cell protein. Due to a relatively
greater increase in the cholesterol, the mole ratio of cholesterol to phospholipids increased with animal age.
The phospholipid composition was also affected. Thus, sphingomyelin levels increased, while those of
phosphatidylcholine decreased; these alterations became much more pronounced with increasing animal age.
All these changes could be affected by adding small unilamellar vesicles composed of egg phosphatidylcho-
line to the growth medium on the 5th day after seeding. Such treatment resulted in a lesser ratio of
cholesterol to phospholipid as well as sphingomyelin to phosphatidylcholine, without reducing the total
phospholipid per unit protein; the level of creatine phospholinase was also reduced. This study demonstrated
that cultured heart reaggregates can serve as a model for studying aging of the whole animal. Its main
advantage is the ability to employ cells from rats of any desired age. Currently this 1s not possible for
cultured heart monolayers.

Introduction rat heart myocytes and rat heart fibroblasts [3-5]

The relevancy of such alterations of membrane

Certain mammahan tissues undergo major
changes in membrane hipid composition during
aging This 1s expressed 1n increase in the mole
ratto of cholesterol to phospholipid and of
sphingomyelin to phosphatidylcholine as well as
in the degree of phospholipid acyl chain satura-
tion (for review, see Refs 1,2) Similar changes
were observed recently in monolayers of cultured

* To whom correspondence should be addressed
Abbreviations PC, phosphatidylcholine, SUV, small umilamel-
lar vesicles

lipid composition to the complex aging process 1s
supported by the role that hpid composition plays
in the activity of various protems 1n cellular fea-
tures and functions mn general (Refs 1, 2 and
references therein) Our studies on monolayers of
cultured heart cells [3-5] suggest that the effect of
membrane hpid composition on cell properties 1s
mediated through effects on lateral organization
of membrane lipids and proteins Lateral mobility
of membrane components seem to be a less 1m-
portant factor [3-5] One of the main 1ssues of the
above studies 1s their relevancy to the similar in
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vivo results on the relationship between lipid com-
position and aging [6] The drawback in the ex-
periments on the aging of myocytes 1 culture 1s
that, as yet, only myocytes of newborn rats but
not of adult rats can grow in monolayers for a
reasonable length of time Cultured heart cell re-
aggregates were used here as an alternative model
for heart cell aging 1n vivo This model was used
extensively before (Ref 7, and references therein)
The main advantage of the reaggregates 1s the
ability to study the effect of animal age as well as
aging 1n culture on the properties of the heart
cells The reaggregates are an easier system than
cultured monolayers for electrophysiological work
They are highly differentiated and possess
pharmacological receptors which are almost 1den-
tical to those of cells in the intact myocardium
from which they onginate [7)

The current study describes the hipid composi-
tion of free reaggregates prepared from hearts
derived of rats of various ages, and how their
treatment by small unilamellar vesicles made of
egg phosphatidylcholine affects their sphingomye-
lin-to-phosphatidylcholine and cholesterol-to-
phospholipid mole ratios It also relates these al-
terations to the level of creatine phosphokinase 1n
the cells

Materials and Methods

Preparation of free rat heart reaggregates

Free reaggregates were prepared from hearts of
Wistar rats of the desired age by the procedure of
Jourdon et al [7,8] with minor modifications Free
dispersed cells were obtained using collagenase
(Type III, Sigma St, St Lows, MO) in Mg?™*-free
F-10 medium (Gibco, Grand Island, NY) contain-
g 01 mM CaCl, The free cells were suspended
mm medium A (normal F-10 HAM medium con-
tamning 12 mM CaCl,, 10% fetal calf serum (v/v),
10% horse serum (v/v) both from Gibco, 2 103
U /liter, sodium pemcalhn and 200 mg/liter
streptomycin 3 ml of suspension of free cells 1n
medium A (5 10° cells per ml) were introduced
into a 25 ml Erlenmayer flasks Cells were grown
in gyrotatory shakers at 37°C Reaggregates were
formed 24-48 h after seeding Therefore, all treat-
ments of the reaggregates started after the first 48
h

Treatment of reaggregates with phosphatidylcholine
hposomes

Egg phosphatidylcholine (PC) was purified from
egg yolk by established procedures [9] Egg PC
liposomes (small unilamellar vesicles — SUV) were
prepared and fractionated as described elsewhere
[10] The SUV were sterthzed by filtration through
022 pm Milhpore filter and added to 4-day-old
cells in a fmal concentration of 25 mM The
liposomes were incubated with the reaggregates
for 48 h It 1s worth noting that addition of egg pC
SUV has to be performed after cell recovery and
formation of reaggregates, which take about 48 h
When added immediately after cell seeding the
egg PC SUV prevented the formation of reaggre-
gates, while, if added during the first 48 h of cell
growth, liposomes penetrated into the cells, as was
revealed by electron microscopy (data not shown)

Analvuical methods

Determinations of the content of total phos-
pholipids. sphingomyelin, PC. cholesterol. total
protein, and creatine phosphokinase (EC 273 2)
activity were performed according to established
procedures as described in Ref 3, minisupple-
ment. and references listed theremn

Results

Free reaggregates were prepared from 3-day
(newborn), 3-month and 18-month-old Wistar rats
All the cells were grown for 6 days under condi-
tions described 1n Matenals and Methods Table I
describes the lipid composition of the cells after 6
days culture Comparnng reaggregates obtained
from rats of the above three ages, 1t 1s clear that
there 1s an age-dependent increase 1n total phos-
pholipids and free cholesterol (both calculated per
total cellular protein) The increase 1n this ratio 1s
much more pronounced between the 18 and 3
months than from 3 months and newborn rats
The increase 1n cell cholesterol exceeds that of the
phospholipids, while phospholipids increased by
about 60%, the cholesterol level more than dou-
bled This resulted mm a 13-fold increase 1n
cholesterol-to-phospholipid mole ratio Regarding
the phosphohipid composition, only the three major
phospholipids (phosphatidylcholine, sphingomye-
Iin and phosphatidylethanolamine)., which to-
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LIPID COMPOSITION AND CREATINE PHOSPHOKINASE (CPK) ACTIVITY OF FREE RAT HEART REAGGREGATES
EFFECT OF RAT AGE AND TREATMENT OF REAGGREGATES WITH EGG PHOSPHATIDYLCHOLINE SMALL

UNILAMELLAR VESICLES

Free reaggregates were prepared from hearts of 3-day, 3-month- and 18-month-old Wistar rats (for more details, see Matenals and
Methods) All results are described per total cell protein, the creatine phosphokinase determination was done using a Boehringer
diagnostic kit under conditions of saturation by the substrate S D on the results was always better than +4 0% SM sphingomyelin

Reaggregates PC SUV Total Cholesterol Phospholipid Cholesterol PC/SM CPK
prepared treatment phospholipids (nmol /mg composttion (%) phospholipids (mole (U/mg
from (nmol/mg protein) SM PC PE (mole ratio) rat10) proten)
protein)

Newborn rates - 100 48 30 51 19 048 170 138

+ 113 36 25 47 22 032 188 69
3-month - 115 58 30 50 20 050 167 278
old rats + 138 41 24 51 23 030 212 89
18-month- - 157 98 42 34 24 062 0380 359
old rats + 190 50 27 53 20 026 196 88

gether comprise more than 85% of the cell phos-
pholipids (Ref 11 and our data), were determined
From Table I 1t 1s clear that major changes n
phospholipid composttion started only after 3
months and are well expressed for reaggregates
prepared from 18-month-old rats Sphingomyelin
and, to a smaller degree, phosphatidylethanola-
mune levels increase while phosphatidylcholine
level decreases accordingly This resulted in a more
than two-fold decrease in the PC to a
sphingomyelin mole ratio comparing free reag-
gregates prepared from 3-month-old rats with
those prepared from 18-month-old rats

Egg PC SUV when added to the growth medium
of the reaggregates, after 4 days 1n culture, have a
major effect on cell lipid composition (see Table
I) (a) They increase total phospholipid per pro-
tein by 10-20%, (b) they deplete cell cholesterol 1n
all cases, however, the degree of deletion increased
with ammmal age, being most pronounced for reag-
gregates prepared from 18-month-old rats in which
the cholesterol-to-phospholipid mole ratio was re-
duced to half of 1ts original value, reaching a level
even lower than reaggregates prepared from new-
born rats, (c) similar effects were obtained for
phospholipid composition, although increases 1n
sphingomyelin to PC mole ratios obtained for all
cases were small for reaggregates prepared from
newborn and 3-month-old rats, but were very

dramatic for 18-month-old rats It seems that in
all cases this ratio approaches the same value of
19-21, which resembles the value of the young
rats No significant changes were obtamed in
phosphatidylethanolamine levels

Cellular creatine phosphokinase specific activ-
1ty increased dramatically with the age of the rats
used as the source of reaggregates preparation
(2 6-fold from newborn vs 18-month-old rats)
The specific activity of the enzyme was reduced by
treatment of the reaggregates with egg PC SUV to
a level stmular to this of reaggregates from new-
born rats Thus, again, the older the animals, the
larger was the effect

Discussion

The changes 1in lipid composition of many tis-
sues with mammalan age 1s a well-established
phenomenon (Refs 1, 2 and references therem)
This change includes an increase mn total phos-
pholipid and cholesterol content per cell as well as
an increase 1 cholesterol to phospholhipid and
sphingomyelin-to-PC mole ratio, and the degree of
acyl chain saturation [1,2] Data obtained for var-
ous cell lines have given controversial results on
changes of cell lipid composition and 1t seems that
results differed for the various cell ines Recently
we demonstrated that monolayers prepared from
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newborn rat heart myocytes and from nonmuscle
heart cells (fibroblast and endothelial cells) show
stmuilar patterns of changes with aging of cells 1n
culture Namely, sphingomyehin-to-PC and
cholesterol-to-phospholipid mole ratios increase
with culture age [3-5] These changes in hpid
composition were correlated with alterations 1n
the dynamics and organization of membrane lipids
and proteins and with some biological features of
the cell However, the similarity of the culture
monolayers of heart cells to the in vivo system 1s
not complete, because preparation of cultured
monolayers 1s at yet limited to newborn rats only
The model of free reaggregates 1s therefore
advantageous, since reaggregates can be prepared
from rats of almost any age This model 1s very
similar to tissues and organs 1n vivo, since the
changes in lipid composition of the free reaggre-
gates resemble very much changes in the whole
ammal, total phospholipid and cholesterol level
increased with ammal age (Table I) This was not
the case for cultured monolayers, in which the
level of total phospholipids was unaltered by cul-
ture age [1,3] The changes in sphingomyelin to PC
mole ratio and cholesterol to phospholiptd mole
ratio also increased with age as in the whole rats
and 1n the cultured monolayers [2] It should be
stressed that the changes became much more pro-
nounced 1n old age Reaggregates prepared from
18-month-old rats show a very dramatic change in
lipid composition Also, they were the most af-
fected by treatment with egg PC SUV, which
reversed the changes in theirr hpid composition
back to the levels which more resemble those of
reaggregates prepared from newborn rats It seems
that the effect of egg PC hposomes on the lipid
composition 1s controlled by the cells by an as yet
unknown mechanism Thus 1s suggested by the fact
that there 1s a limit to the alteration in lipid
composition of the reaggregates to that which 1s
the composition of reaggregates prepared from
newborn rats It should be stressed that the treat-
ment with PC liposomes did not reduce the total
phospholipid content, on the contrary, 1t even
shightly increased 1t, which suggests that both ex-
change and net transfer of lipid molecules be-
tween the cells and the medium are going on

The effect of PC liposomes on the lipid com-
position of the reaggregates 1s overwhelming and

therefore 1t has to include all cells in the reaggrage
and not only the cells in the reaggregage surface
which are 1n direct contact with the growth
medium Therefore, one must assume that the
process of lipid transfer and ipid exchange among
all cells of the reaggregates are fast enough to
explamn such major alterations n cellular Lipid
composttion Probably in the same order of mag-
nitude as i the cultured heart myocyte mono-
layers, in which a complete PC exchange with the
PC SUV was obtained 1n about 24 h [3] Creatine
phosphokinase was selected as a test case for the
relationshup between cell lipid composition and
cell biology This enzyme was chosen because of
its relevancy to myocyte function, 1t plays a major
role 1n ntracellular energy transport from
mitochondria to myofibrils and in the regulation
of energy transport coupled to energy utilization
Recently we demonstrated that the level of crea-
tine phosphokinase was responsive to the age of
cultured myocyte monolayers and could be
manipulated by alteration of cellular lipid com-
position [3] The activity of this enzyme 1s not
restricted to a single subcellular organell and can
be detected 1n various subcellular fractions includ-
ing mitochondna, myofibrils and cytosol [3,12,13]

As 1n the case of the cultured myocyte mono-
layers the creatine phosphokinase level of the re-
aggregates increased with amimal age and de-
creased upon treatment with PC liposomes The
reduction 1n creatine phospholinase level reaches
its plateau having a value which s sumlar for
reaggregates prepared from the hearts of rats of
the three different ages (newborn, 3 months and
18 months) The reasons for these age-dependent
changes 1n cell hipid composition and creatine
phosphokinase levels are not yet available How-
ever, one can speculate that the situation 1s simular
to that found with cultured myocyte monolayers
in which hipid composition seem to have major
effects on membrane organization through changes
in domain structure [3-5] Increase in sphingo-
myelin to PC and cholesterol-to-phosphohipid mole
ratio reduces lateral heterogeneity, which by itself
may affect many cell functions [14.15]

Another factor 1s that the aging-related alter-
ation 1 lateral orgamzation of membrane lipids
may affect cell shape in the reaggregates similarly
to our recent observation with cultured myocyte



monolayers [3] This could cause an increase 1n
cell surface area and 1n its internal volume as was
described for model systems [16,17], which 1n turn
would cause the increase in creatine phos-
phokinase level Reversing the lipid composition
to that obtained for reaggregates of newbron rats
(Table I) reduces the enzyme level by the reverse
process This hypothesis 1s supported by the
observation that the increase in the surface area of
the plasmalema and the organular endoplasmic
reticulum of aortic smooth muscle cell increased
during their aging 1n parallel to the increase of
sphingomyelin and cholesterol levels [18]

This work suggests that cultured rat heart reag-
gregates can serve a a good model system to
mmprove our understanding of aging processes,
since cells which can be obtained from rats of any
age can be studied n culture, and some of the
aging-dependent changes can be manipulated
through the growth medium Therefore, this sys-
tem may simplify the present complexity of work
with the whole animal, while having many of the
advantages available for cultured monolayers
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