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Although changes in the acid mucopoly-
saccharides of connective tissues (including
the aorta) have been extensively examined,
both with regard to qualitative and quantita-
tive aspects, by Meyer(1), Kirk(2) and
Dyrbye(3), as functions of increasing age
by Virchow(4) and formation of atheromat-
ous lesions by Lazzarini-Robertson(5), only
recently has it been considered that the pres-
ence of acid mucopolysaccharides may actu-
ally influence the metabolisms of connective
tissue (and perhaps other) cells and thus
causally modify their rates of growth, cell
division, morphological appearances and
chemical compositions.

Our preliminary investigations and a study
by Branwood(6) suggested that addition of
calf aorta preparations containing acid muco-
polysaccharides may result in reduction in
lipid content of tissue culture cells that have
been experimentally ‘loaded” with lipid.
These findings have led to quantitative deter-
minations of lipid changes in cultured cells
following administration of acid mucopolysac-
charides and aortic extracts containing them.

However, in addition to a demonstration of
changes in total and constituent lipids of cells
in tissue culture, a search for the mechanisms
involved in the changes noted has been made,
with particular emphasis on possible increases
in rates of growth. The observations of Gil-
man(7) and Moon and coworkers(8) on the
intimate relationship between vascular growth
and repair and acid mucopolysaccharides es-
pecially suggest that accelerated growth may
be one of the responses following administra-
tion of mucopolysaccharides.

Materials and methods. Human and chick

* These studies were supported by grants from
Nat. Inst. Health and Crenshaw Research Founda-
tion, and by contract between the Atomic Energy
Commission and Univ. of California.

aorta cells as well as HeLa cells have been
studied in tissue culture systems. This report
describes studies with the 2 latter systems;
results in human arterial tissue systems will
be reported later.

Chick aorta cells were prepared by strip-
ping the intima cells from superior sections of
thoracic aortas, placing them in 1% trypsin
overnight at room temperature, and on the
following day washing and placing them in
either Eagle’s minimum essential medium or
Puck’s N-16 medium with 10% fetal calf
serum. Cells were then transferred into
Leighton tubes provided with cover slips and
into bottles of 1 or 2 liter capacity. They
usually formed continuous sheets in both
bottles and Leighton tubes within 8 days.

In the case of HeLa cells, solid sheets of
cells (originally from Microbiological Associ-
ates, Inc., Albany, Calif.) were trypsinized,
washed, and suspended in either Eagle’s so-
lution or Puck’s N-16 medium as above. The
cells formed continuous sheets in the bottles
and tubes in approximately 7 days.

The HeLa cells in Eagle’s medium grew
rapidly, tended to adhere to the glass surface
and formed piled-up areas of cells which ap-
peared to be rather small when examined un-
der the microscope. Cells grown in the Puck’s
medium appeared to be larger. They did not
pile up as did the cells in Eagle’s medium;
large numbers of them detached from the
glass and floated free in the supernatant
fluid.

Actual differences in rates of growth in the
2 types of medium were not established. How-
ever, it appeared that more cells were pres-
ent in the Eagle’s medium. Upon “loading”
the cells with lipid, it was noted that cells
grown in Puck’s medium appeared to take up
considerably larger quantities of sudanophilic
material than cells grown in Eagle’s medium
(Fig. 1). Consequently, Puck’s medium was
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FIG. 1. Microscopic comparison of lipid deposi-
tion in HeLa cells—Puck’s medium. A. Normal
control culture after 4 days growth (X268).
B. Hyperlipemic serum added after 5 days growth
(X268). (Note granules stained with Sudan IV.)
C. Cells loaded with hyperlipemic serum. Lipids
cleared by calf aorta extract after 3 days growth
(X268). Stained with Sudan IV and H and E.

employed for the majority of these experi-
ments.

In a few experiments cholesterol in alco-
hol was utilized as a “loading” medium,
“Loading” was carried out on the fifth or
sixth day from the beginning of the culture.
The amount of cholesterol added to the medi-
um was 4 mg % in alcohol. In subsequent
experiments 35 mg % of cholesterol in hyper-
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lipemic serum was fed. The cultures were
considered to be “loaded” when they had
been on the hyperlipemic serum diet for from
48 to 72 hours. At the end of this period all
cultures were refed the standard calf serum
nutrient medium (without the added choles-
terol or increased quantities of hyperlipemic
material).

The test substances consisted of saline ex-
tracts of acetone dried calf aorta (Extracts
No. 1 and 4) or the following substances:
chondroitin sulfate A (a purified preparation
from Riker Laboratories, which may have
contained small amounts of chondroitin sul-
fate C); chondroitin sulfate B (obtained
through Dr. Hans Winterstein); IN 379
(pimentine HCI obtained through the cour-
tesy of Drs. Chester ‘Cavallito and Harold
Hamilton, Irwin, Neisler and Co.).

After allowing the test substances to act
for 72 hours, cells were removed from the
culture bottles with the aid of trypsin and
total lipids were extracted and purified ac-
cording to the method of Sperry(9). Analy-
ses of constituent lipids were carried out by
silicic acid chromatography as described by
Fillerup and Mead(10). Non-esterified and
total cholesterol was determined by separa-
tion on silicic acid columns and by the Kings- -
ley(11) procedure respectively. Dry weights
of whole cultures were obtained gravimetri-
cally. Fatty acid determinations were carried
out in a Research Specialties Co. Gas Chro-
matograph (Model 60-1A) utilizing a 4-foot
ethyl succinate column.

Results. Effects of the test substances on
chick aorta cells are shown in Table I. When
either Extract No. 1 or sodium chondroitin
sulfate A was added, a diminution in total
lipid content per unit dry weight of culture
took place.

Similar decreases in total lipid were ob-
served in the HeLa cell systems following ad-
ministration of small amounts of the above
named agents and also when Extract No. 4
was added to the cells (Table II). These
changes were for the most part correlated
with an increase in dry weight of the total
culture indicating that the decrease in lipid
was an effect of cell multiplication rather
than a specific “clearing” effect, However,



364

TABLE I. Effects of Various Substances
Lipids of Chick-Aorta Cultures.

on

No. of % Standard Sterol
exp  Test substance  lipid* deviation %t
5 Hyperserum control 100 10
4  Calf serum ” 87 +2.7
2 Extract1 (.008 mg) 82 6
3 Iy g R g
1 Na chondroitin 88

sulf A (.01 mg)
Na chondroitin
sulf A (.1 mg)

—

81

* Total lipid of hyperserum control in each ex-
periment taken as 100%.

t % of total lipid; isolated by silicic acid ehrom--
atography.

} Note that this standard deviation was obtained
by combining results obtained from experiments in
which 2 different dosages were employed. In this
table the authors confine their statements to effects
obtained within the range of .008 to .8 mg of Ex-
tract 1. Although .8 mg of Extract 1 may appear
to be more effective in these cultures, the amount
of data does not justify this conclusion.

Probability of a difference in lipid content be-
tween hyperserum controls and Extract 1 treated
cells is greater than 99%.

in the case of Extract No. 4 it appeared that
a lipid “clearing” effect took place in the ab-
sence of a proportional increase in weight of
culture.

Chondroitin sulfate B did not cause signi-
ficant changes in either total lipid or dry
weight. However, addition of IN 379 re-
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sulted in increases in lipid over the hyper-
lipemic serum control, an effect that cannot
be correlated with rate of growth (or lack of
growth) of the cultured cells (Table II).

Analysis of constituent lipids showed that
both free and total cholesterol per unit dry
weight of culture and cholesterol per unit
weight of lipid were reduced with a single
application of the effective test substances
(Tables II and IIT). Repeated applications
appeared to be only slightly more effective,
if at all.

Gas chromatograms of methylated fatty
acids from the cultures (Fig. 2) revealed
that an effect of lipid “loading” was to in-
crease the saturated fatty acids (palmitic
and stearic) over those of so-called normal
cultures (maintained on standard calf se-
rum). However, when cells were induced to
grow faster and to decrease their lipid, as
they were by treatment with Extracts No. 1
and 4, it was the unsaturated fatty acids
which appeared to display the largest de-
creases.

Discussion. Although a superficial survey
of the data presented may suggest that the
potency of certain agents to reduce the
amount of lipid per unit tissue is primarily
a function of that agent’s capacity to stimu-

TABLE II. Effects of Various Substances on Lipids and Dry Weights of Hela Cultures.

No. of % Standard Free Standard 9% dry Standard
exp Test substance lipid* deviation sterol, %t deviation wt{ deviation
17 Hyperserum control 100 - 8 +1.6 100

6  Calf serum control 85 + 9.5 7 84

1 Extract1 (.0008 mg) 89 9

2  Extract 1 (.008 mg) 82 4

3  Extract1l (.08 mg) 87 + 2.2¢ 5 *+1.5 209

5  Extract1 (.8 mg) 87 7 181 +34.0
1  Extract1 (1.6 mg) 89 5

5 gxtract 4 (.33 mg) 76 + 2.7 116 + 9.2
6 hond sulf A (.01 mg) 86 7 136

3 Chond sulf A (.01 mg) 79 } + 83 6 154 } +29.0
6  Chond sulf B (.01 mg) 96 +11.0 140 +34.0
3 IN379 (10%) 112 +27.0 122

* Total lipid of hyperserum control in each experiment taken as 100%.

1 % of total lipid; isolated by silicic acid chromatography.

i Total dry weight of hyperserum control in each experiment taken as 100%.

§ In several instances standard deviations are calculated from results of experiments in
which several different dosages of the same material were given. The authors thus confine their
statements to effects obtained within the ranges of the doses given and do not attempt to
distinguish an optimum dose or effective dose, for this system.

Probability of a difference in lipid content between hyperserum controls and Extract 1 and
4 treated cells is greater than 99% ; between hyperserum controls and Chondroitin sulfate A is
greater than 95%. Probability of a difference in free sterol content between hyperserum con-
trols and extract treated cells is greater than 90%.
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FIG. 2. Representative gas chromatographic dis-
tributions of major fatty acids in normal, hyper-
serum and Extraet 4 treated cultures. Percentages
of occurrence are indicated in parentheses above
each peak and, with one exception, are rounded off
to the nearest 5%. The second peak from the left
in each pattern represents palmitoleic acid. Treat-
ment of ‘‘loaded’’ cell cultures with Extract 1 or
chondroitin sulfate A results in a pattern similar
to that shown for Extract 4.

late cell division and thus to decrease the
unit lipid by dilution, the action of Extract
4 may be more specifically that of clearing
the cell of lipid. Why a difference in growth
promoting potency should occur between Ex-
tracts 1 and 4 (and also the perhaps unique
capacity of Extract 4 to clear lipid in lieu of
growth) is not clear, since both extracts were
prepared in the same manner. Similar vari-
ations in lipid clearing effects in the rabbit
and the rat were previously noted by Mor-
rison ef al.(12). These variations were then
considered as probably due to intra-species
biologic variations. Another explanation may
be that the tissues extracted are not uniform
in their content of active substances. How-
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ever, the somewhat variable responses of the
individual cultures to chondroitin sulfate B
attest to the complex nature of the interac-
tions being studied.

One of the possible mechanisms which may
be operating in the reduction of cellular lipid
in tissue cultures, however induced, is sug-
gested by the concomitant reduction of both
cholesterol and unsaturated fatty acids in
extract treated cultures. Since no mechanism
is known for the breakdown of cholesterol in
such cultures, it may be that the sterols com-
bine with unsaturated fatty acids (for which
they display an affinity) and leave the cells
in the form of soluble lipoproteins. The pro-
duction and secretion of lipoproteins by tu-
mor cultures has been noted and preliminary
findings in this laboratory indicate that C-14
labelled cholesterol leaves the tumor cells
both intact and in considerable quantity.
However, it may also be that cholesterol
synthesis is somehow slowed or altered.

The observations discussed above should
be viewed in the light of data by Gilman ef
al.(13) which reveal an intimate relationship
between the acid mucopolysaccharides and
the growth of arterial tissue cells. They are
also pertinent to the findings of Murata(14)
which indicate that injection of sulfated poly-
saccharides (obtained from seaweed) into
rabbits causes a fall in serum lipids and in-
hibits development of atherosclerosis.

Summary. Lipid analysis of chick aorta
intima and HeLa cell tissue cultures con-
firms histological studies indicating that total
lipids and cholesterol are significantly re-
duced per unit volume of cells when very

TABLE III. Relative Total Cholesterol in HeLa
Cultures Treated with Various Extracts (Kingsley

Method).
Exp %* total
No. Test substance cholesterol
1 Hyperserum control 15
1 Na chond sulf A (0.1 mg) X 1 %g 5

la+1b Extract1 (8mg) X 1

1 Na chond sulf A (.01mg) X 1 13
1 Chond sulf B (.1mg) X 1 14
2 Calf serum control 16
2 Hyperserum control 19
2 Na chond sulf A (0.1 mg) X 1 14
2 Extract1 (.8mg) X 1 12

* 95 of total lipid.
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small amounts of calf aorta extracts or the
mucopolysaccharide, chondroitin sulfate A
are added to the cultures. The lipid clearing
effect noted in cells is often associated with
stimulation of cellular growth and with a
process of lipid dilution by cellular multipli-
cation. However, in the case of one aortic
extract, lipid clearing took place without sig-
nificant stimulation of cellular growth. The
latter suggests a specific cellular clearing
effect as distinguished from lipid dilution by
cell division and growth.
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Considerable work has been done in an at-
tempt to identify those factors which regu-
late or modify the absorption of fluoride
from the gastro-intestinal tract. Several dif-
ferent inorganic elements, such as calcium(1,
2), magnesium(3,4), phosphorus(5), and mo-
lybdenum(6-8), may alter the rate of fluor-
ide absorption. Metabolism studies have sug-
gested further that the age of the animal(9),
especially with respect to rate of skeletal
growth, and its previous exposure to fluoride
affect fluoride absorption(10). The metabo-
lic equilibrium suggested by Fig. 1 indicates
that if the kidneys are damaged or seriously
impaired, thus removing a major source of
fluoride detoxification, fluoride which is ab-
sorbed must either be deposited in the skele-
ton or remain in the soft tissues and circu-
lating body fluids. Carlson and co-workers
(11) have shown in the nephrectomized rat
using isotopically-labeled fluoride that the
tissue fluoride concentration is elevated. Since
it has been shown that the metabolism of

fluoride may be significantly affected in renal
failure(12), and an increase in soft tissue
fluoride content results in nephrectomized
rats, these studies were conducted to provide
more information concerning the specific ef-
forts of nephrectomy and previous exposure
to fluoride upon rate of fluoride absorption
in the rat.

Experimental. Series 1. A total of 18
male Wistar strain albino rats ranging in age
from 55 to 60 days were divided into 2
groups of 8 each and a third group of 2 ani-
mals according to body weight. All animals
were housed in pairs in an air-conditioned
room and received a low-fluoride stock corn

(Circulating F-)

(Tissue F-) (Bone F-)

(Urinary F)
FIG. 1. Schematic diagram of metabolic pathways
of fluoride.





