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10 divided doses over a 5-day period. Hence
it may be presumed that either the TSH-in-
hibitor was not long-acting or the endoge-
nously secreted TSH was not neutralized.
Thus far the urinary preparations have been
utilized successfully to repress only exogenous
TSH effect on the thvroid.

Summary. A technic for detection of TSH-
inhibitor in human urinary preparations is
described. For an effective partial block of
TSH response, mg amounts of a urinary prepa-
ration were injected one or more hours before
an intraperitoneal stimulatory dose of TSH.
TSH response was then measured using 11#!
blood levels which were significantly decreased
following administration of urinary TSH-in-
hibitor.

Utilization of Serum Lipids by Cultured Mammalian Cells.*t

UririzarioNn or SeruM Lirins sy MAMMALIAN CELLS
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The nutritional significance of the lipids
present in the serum medium commonly used
for growing mammalian cells in tissue culture
is little understood. The effect of serum li-
pids on growth has been studied by Baker and
Carrel(1) and a similar study on lipids from
embryonic tissues was made by Giudetti(2).
Davidson ef al.(3) measured the changing
lipid composition of chick heart explants dur-
ing growth. and Simms ¢t al.(4) studied fac-
tors affecting fat depocition in witro. Verne
(5) has examined the effect of various com-
pounds of biological origin on lipid metabol-
ism in tissue cultures. Cholesterol and fatty
acids were included in the chemically defined
medium of Evans ¢t al.(6). but it was later
reported that there was no noticeable effect on
growth when these were omitted(6a). Sato,
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Fisher and Puck(7) claim that addition of
small amounts of cholesterol to a medium con-
taining exhaustively dialysed serum, increased
the plating efficiency of HeLa cells many fold.
Rutstein ¢¢ al.(20) have studied cholesterol
uptake by primary explants from human
aorta, and cholesterol synthesis from labelled
acetate has been demonstrated for the L strain
of mouse fibroblasts(8) and for a strain of
human uterine fibroblasts(9). Azarnoff (10)
has noted differences in the ability to synthe-
size cholesterol between cells from different
species. We have studied the differential up-
take of the various components of the serum
lipids using principally the MB IIT strain of
mouse lymphoblasts(11) as our model system.
We have also examined a number of other cell
lines, but in less detail. The pattern of lipid
uptake for each was similar to that observed
with the MB TIT cell, so that it may be as-
sumed that the results obtained by the more
detailed examination of the MB T system
are fairly typical.

Materials and methods. Human placental
cord serum, ox embryo extract and balanced
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salt solution used for routine maintenance of
the cells were prepared according to the meth-
ods of Gey(12). Stock cell cultures were
maintained in 16 x 150 mm roller tubes(13)
in a medium consisting of human placental
cord serum (5 parts), ox embryo extract (1
part) and Gey’s balanced salt solution (4
parts). The medium also contained penicil-
lin (100 units/ml) and streptomycin (50 pg/
ml) and sterile culture conditions were main-
tained throughout the experiments. Incuba-
tion was at 37° in a roller drum turning at
12 r.p.h. Tubes were inoculated with approxi-
mately one to 2 million cells in 0.5 ml of me-
dium, and were treated every 4 days by re-
moving approximately two-thirds of the old
fluid plus cells and adding fresh medium. The
MB IIT strain used in most of the quantita-
tive studies, grew rapidly under these culture
conditions and the cells were only loosely at-
tached to the walls of the glass roller tube.
Satisfactory cell suspensions were readily ob-
tainable for cell growth enumeration, without
use of trypsin, merely by shaking the tube to
agitate the fluid over them. For studies of
lipid uptake, the cells were harvested by cen-
trifugation and resuspended in the test me-
dium consisting in most cases of human pla-
cental cord serum diluted with one part of
the balanced saline solution. Duplicate roller
tubes were inoculated with 1 ml of the suspen-
sion containing approximately one to 2 mil-
lion cells. Control tubes in which the medium
was incubated alone were prepared at the
same time. In prolonged incubations to ob-
tain greater depletion of the lipids, the me-
dium was fortified with an additional 0.2%
glucose. Under these conditions the cultures
attained a final population density of from 10
to 12 million cells/ml. This population
density was two to three times higher than
that attainable with most other cell lines, and
resulted in measurable depletions of some of
the more abundant and less rapidly utilized
components such as cholesterol, which other-
wise would have been difficult to determine.
At the end of the desired incubation period
the cell population was determined, the cells
were harvested by centrifugation at 1000/g
and were washed with 2 successive 1 ml por-
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tions of balanced saline to remove the last
traces of medium.  The washed cells were ex-
tracted hy refluxing with two successive 5 ml
portions of 1:1 ethanol/diethyl ether, for 10
minutes and the extract was evaporated to
dryness in a stream of nitrogen to prevent
oxidation. The dried extract was then ex-
tracted twice with 2 ml portions of boiling
petroleum ether (B.Pt. 30-60°), and the final
solution containing the total cell lipids was
diluted to 5 ml with petroleum ether. The
depleted medium and the control medium
were acidified to pH § with hydrochloric acid,
and extracted under reflux for 20 minutes
with 2 x 40 volumes of 1:1 ethanol/ether.
The extract was evaporated and redissolved
in petroleum ether as described above. The
following determinations were performed upon
aliquot portions of the extracts: 1. Total li-
pid was determined by the dichromate method
of Bloor(14), as modified by Bragdon(15).
Since some lactic acid was also extracted, this
was determined separately by the method of
Barker and Summerson(22), and the values
for total lipid were corrected accordingly. 2.
Total cholesterol was determined by the
method of Pearson ef al.(16), or where neces-
sary by the more sensitive method of Brown
(17). Free and esterified cholesterol were
separated by chromatography on silicic acid
as described by Wykoff(18), and determined
by the method of Brown. 3. Phospholipids
were ashed by combustion with perchloric
acid-hydrogen peroxide mixture, and inorganic
phosphate was determined on the residue by
the method of Allen(19). 4. Triglycerides
were hydrolyzed with 1 ml 0.4 N NaOH at
100° for 30 minutes and the glycerol liber-
ated was determined by the method of Bailey
(21). Since the procedure also brought about
hydrolysis of the phospholipids, triglycerides
were determined by difference. 5. Unsatur-
ated lipids were determined by a modification
of the iodine-bromide method of Wizs and
Hanus(23). Purified lipids used in the
studies on uptake from defined media free
from serum protein were obtained from The
California Foundation for Biochemical Re-
search, Los Angeles. Cholesterol suspensions
were made by dispersing an alcoholic tincture



688

TABLE 1. Utilization of Serum Triglycerides Ly
Mammulizn Cells Growing In Vilro.

Serum
Approx. final  triglyeerides

Cell population (mg %) Y

line (millions/ml) Before After utilization
Heln 1.0 45 12 T
TA3 Ry 9N 20 T

14 Pt 1.5 0N 42 57
ARV 1.5 0N +1 IN
MBI 6.0 5l 0 Ton

For key to ecell nomenelature see Table LV,

Cells were grown 4 days in medium consisting off
human placental cord serume diluted with one pan
of saline, Total lipid was extraeted as deseribed i
Methods seetion, i determinations of triglyeer
ide, phospholipid and eholesterol were made, For

first cell strains total deerease in the Iatter 2 com

ponents was less than 5%. For MBILL (with 1he
greater cell population) these components deereased
by 15% and 977 respectively,

rapidly into a salt-free solution containing 30
mg 9 ‘Tween' 80 (Atlas Powder Co.). A
double strength saline was then added in equal
volume. In this way stable emulsions of cho-
lesterol microcrystals with sizes approximat-
ing one micron. were obtained.

Results. Preliminary  experiments  were
made with 5 cell lines All brought about a
rapid removal of the triglycerides (Table 1)
but the population densities were low, so that
for the first 4 cell lines the depletion of phos-
pholipids and cholesterol was less than 3% of
the total present. The MB 111 cultures how-
ever contained significantly more cells which
resulted in the uptake of all the triglyvceride
(510 pg). 80 pug (15%) of the phospholipid
and 70 pg (99¢) of the cholesterol. The har-
vested cells contained 630 pg of total lipid
of which 70 pg (119%) was cholesterol, and
360 pg (33%) was phospholipid. No tri-
glyceride was found in the cells in this 4-day
experiment, although in older cultures some
increase in the cellular triglycerides at the ex-
pense of phospholipids has been seen. The
iodine number of the original serum lipid did
not differ significantly from that of the lipid
utilized or from the cell lipid. This indicates
that saturated and unsaturated lipids were
utilized equally readily.

The time-course of utilization of the various
lipid components by the MB III strain after 4.
7 and 10 days of in vitro growth can be fol-
lowed from the data given in Table TI. The 4
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and 10-day experiments were carried out in
the same pooled human placental cord serum.
In the 10-day experiment, initial glucose con-
centration was doubled to 0.4% . Total lipid
in the serum decreased progressively and most
of the decrease was accounted for by lipid re-
covered in the cells. At 4 days the lipid found
in the cells represented 125% of the decrease
in the medium. at 7 days 116% and at 10 days
only 89 of that removed from the medium.
This may be interpreted to mean that under
normal growth conditions the cell lipid is al-
most exclusively derived from the medium but
that some net synthesis (23%) of lipid does
take place in the initial culture period when
slucose is present in excess. Under prolonged
culture conditions in order to complete ex-
haustion of the medium (10 days), there may
he some net degradation of lipid by the cells
{(11% ) to satisfy energy requirements.

The rapid uptake of triglycerides is appar-
ently followed by conversion to phospholipids
TABLE 11 Progressive Depletion of Serum Tipids

by MB T Strain atter 4 Days, 7 Days and 10
Days of In T7ilro Growth.

Total lipid  —— mg %~— Y% Found in

(days) Before  After  decrease ecells (ng)*
4 222 170 23 65
7 245 180 27 76
10 2u2 120 46 RT
Cholesterol
4 N6 79 9 7
T a3 79 18 14
10 86 67 22 13
I"hospholipid
4 54 46 5 36
T 30 24 38 17
1o al 1 82 37
Triglyeeride
4 al i} 100 0
7 45 3 94 21
10 47 10+ ks 8
lodine number
7 72 e 4] 79

The 4- and 10-day experiments were earried out
in same pooled human placental cord serum, diluted
with one part balanecd salt solution. In the 10-day
experiment glucose concentration was doubled to
0.4% . Tn the 7-day experiments, cord serum (a dif-
terent sample) was diluted with one part NCTC
109 svuthetic medium(6).

* Calenlated on basis of ¢ells grown on 100 ml
serum,

t Apparent increase in triglyceride after 10 days
growth was caused by release of lipid droplets from
degenerated cells,
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TABLE III. Average Metabolic Quotients for Up-
take of Serum Lipids from Serum and Synthetie
Media by MB III Strain Cells.

Q (pg/wil-

Compound Emulsifier lion cells/hr)
Total lipid 509% serum medium 42
Cholesterol Idem .08
Phospholipid ” .18
Triglyeeride ” 1.8
Synthetic medinm
Triolein Liecithin 3.2
" ‘¢ Tween 807’ 3.7
Liecithin Nomne 1.4
” Plus Triolein 75
Cholesterol ¢¢‘Tween 807’ .6
” Alhumin .07
Lactie acid 2.2
Glyeerol 2.3
Glueose 21

The synthetic medium consisted of NCTC 109
(6) with glucose concentration reduced to 0.05%
to prevent excessive pH ¢hanges. Lipid uptake was
measured over the first 48 hr only, Purified lipids
were added in coneentrations similar to those found
in cord serum, i.e. 50-100 mg %. Rates given for
uptake from serum medium in. upper part of Table
are approximate values only. They ave caleulated
on hasis of linear population increases between
times at which population determinations were
made (0, 4, 7 and 10 days). Over the first few
days, however, growth is more approximately log-
arithmic, Values for lactic acid, glyeerol and glu-
cose are given for comparative purposes.

in the cell. When all the triglyceride has been
utilized, the phospholipids in the medium are
taken up more rapidly. The apparent subse-
quent increase in the medium triglyceride after
10 days (Table IT) is probably due to release
of fat droplets which was observed in the older
cultures when some cells were beginning to
show signs of degeneration. The rapid disap-
pearance of triglyceride represented true up-
take rather than extracellular hydrolysis since
in experiments where triglycerides were added
to synthetic medium (Table ITI) it was shown
that the total lipid in the medium (which
would have included any such hydrolysis
products) decreased at the same rate as tri-
glyceride The rate of uptake of some pure
lipids added to a chemically defined medium
paralleled the rate observed in serum (Table
I1T). The rate of uptake of triolein was less
when it was emulsified with lecithin and a
similar sparing effect on rate of uptake of leci-
thin was noted when triolein also was present.
The free acids and the methyl esters were
toxic when used at similar concentrations, but
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from microscopic observations of the cells and
the medium it was concluded that this toxicity
probably resulted from the binding of calcium
or other ions to form insoluble precipitates
rather than to any specific toxicity due to
structure.

Cholesterol uptake could not be measured
directly using other cell lines, for the reasons
already stated. Cholesterol content of a num-
ber of strains was however determined di-
rectly. The results (Table IV) show that ap-
preciable amounts are present in all cells, rang-
ing from a low of 0.6% of the dry weight for a
strain of rat adrenal cells to as high as 2.8%
for the FL strain(28) of human amnion cells.
Cholesterol content seems to be fairly charac-
teristic of the type of serum in which the cell
is grown. For example the cholesterol con-
tent of the MB III strain grown on a large
number of human placental cord serum sam-
ples has ranged only between 1.9 to 2.5% of
the dry weight. For adult serum medium the
cholesterol content of the cells may be almost
doubled; for cord serum which was supple-
mented with only small additional amounts of
free cholesterol or for serum samples from cer-
tain coronary patients, MB IIT cells contain-
ing as high as 10% of the dry weight as cho-
lesterol have been grown. Total cholesterol
extracted from the medium and from the MB
IIT cells was separated into free cholesterol

TABLE IV. Cholesterol Content of Mammalian
Cell Strains Growing In Vitro.

Strain Cell type Y% cholesterol

FL Human amnion(28) 2.8
D-1Re ” chondromyxosarcoma 2.6
ARF Articular ridges of femur (rat) 2.1
MB III Tumorous mouse lymphoblast 2.0
319 Walker rat sarcoma 1.9
Maben FHuman lung carcinoma (Frisch) 1.7
256 Walker rat carcinoma 1.6
72-624  Tumor from subeut. areolar tis- 1.6

sue (rat)

Epidermoid earcinoma of cervix 13
(human)

Rat advenal (Zona fasciculata) 6

Hela

3G249

Cells were harvested from the growth medium
atter 4 duys. Cholesterol was extracted and deter-
mined as deseribed in Methods seetion. Medium in
most cases was human plaeental cord serum diluted
with one part of balanced saline. Cholesterol val-
ues are expressed as 9% of dry wt after extraction
of lipid and air deying at 120% Dry wi was deter-
mined hy diveet weighing or by combustion as to
tal enrhon hy dichromate method of Bloor(145.
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-TABLE V. Sclective Utilization of Serum Lipids
by MB III Cells Growing In Vitro.

% in % in lipid % in
Component serum lipid  utilized eell lipid
Cholesterol 40 20 15
Phospholipids 25 2n 50
Triglyeerides 20 60 5
¢ unsaturated 40 40 45
(as linoleie)
Values given ave approximated from avg values

for a nmumber of human placental cord sernm
samples.  Values for lipid utilized are avg over
whole growth period, If these values ave ealenlated
over the carly stages of growth, the disproportion-
ality between triglveerides amd cholesterol is even
move pronounced than these figures indiente,

and esterified cholesterol by chromatography
on silicic acid columns. Tn this experiment
total cholesterol in the original medium was
59 mg 9 of which 40 mg €/ was ester and 19
meg 7 free. Total cholesterol in the medium
after the cells had been harvested was 43 mg
¢ of which 19 mg ¢ was ester and 24 mg ¢
was free. and the harvested cells contained 24
mg (corrected for comparative purposes to
cells harvested from 100 ml serum) which was
all free cholesterol. Although at first sight
this may be interpreted to mean that the cells
take up the esterified cholesterol exclusively
and then hydrolyze it. exchange experiments
using labelled cholesterol. and designed to fol-
low more closely the mechanism of lipid up-
take (see discussion) have shown that the cor-
rect explanation probablyv is that the cells
take up both the free and the ester. hydrolyze
the ester and then excrete the excess free cho-
lesterol. In addition. free cholesterol added to
chemically defined medium (Table TTI) was
taken up at a high rate. This higher rate of
uptake in synthetic medium is probably the
result of some phagocytic ingestion of the
cholesterol crystallites in the emulsion in ad-
dition to the usual method of lipid uptake.
The question of ability of the MB TIT strain
to synthesize cholesterol could not be decided
in our experiments because of the large excess
present in the medium. It can be calculated
however that under the culture conditions
used here, less than 5% of the total cell cho-
lesterol is the result of net synthesis. There is
little if any degradation of the cholesterol or
interconversion into other steroid compounds
since even alter prolonged incubation of 4-C''
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cholesterol with MB cells, less than 0.1% of
the radioactivity could be detected in products
other than cholesterol on paper chromato-
grams.

Discussion. The lipids are relatively large
molecules with average molecular weights of
the order of 500, and in addition, in serum are
hound in lipoprotein complexes with molecu-
lar weights of many thousands. These large
molecules however enter the cell at rates com-
parable to those for much smaller molecules
(cf., glyvcerol. glucose and lactic acid Table
I11)  Current theories to explain lipid ab-
sorption in the gut follow two main schools of
thought. 1) The so-called ‘Lipolytic’ theory
which assumes that triglvcerides are first com-
pletely hydrolyzed to the fatty acids and then
are absorbed as a bile acid complex, (or a
variation of this in that they are converted
into phospholipid in the cell membrane during
active transport) and 2) the ‘particulate’ the-
ory which assumes that small droplets of fluid
can pass directly into the cell. (For review
sce Deuel(24)). In the consideration of up-
take of large molecules by cells in tissue cul-
ture it has generally been assumed that some
process analogous to the ‘particulate’ theory
above was responsible. Tissue cultured cells
observed under moderate magnification on the
glass walls of the culture vessel are seen to
take up large numbers of droplets of the me-
dium by a process of ‘cell drinking’ or pinocy-
tosis(23.26). The apparent mechanism of
this process has been discussed by Gay(25),
and Lewis(26) has estimated that the cell is
capable of taking up in this way a volume of
fluid equal to the cellular volume in as little
as 3 hours or less. In Table IV are collected
average values for the composition of the lipid
of the medium, for the lipid taken up by the
cell and for the cell lipid itself. The composi-
tion of the lipid taken up by the cell is very
different from that of the medium. Tt is dif-
ficult to reconcile this with the apparently ran-
dom and non-specific process of pinocytosis
where it would be expected that the composi-
tion of the droplets enfolded by the cell mem-
brane, (and which are often many microns in
diameter). would be the same as that of the
outside medium.  We have considered two al-
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ternative mechanisms in explanation of these
results. First that the lipids are absorbed into
the cell by some specific mechanism which
may involve chemical transformation and ac-
tive transport across the cell membrane. Con-
version of triglycerides into phospholipids dur-
ing or immediately following absorption offers
some support to this hypothesis). Second,
that the lipids ars absorbed into the cell by
some non-specific process (micro. or ultra-
micro. pinocytosis) which is followed by spe-
cific utilization of certain components and
non-specific excretion of the remainder. Such
a sequence of events would of course give a
net result which would resemble specific up-
take. It is very probable that some process
of fluid excretion analogous to pinocytosis is
continually going on, otherwise the cell would
swell and burst. However in contrast to pino-
cytosis, it must be taking place at a submicro-
scopic level(27), since visible droplets are
rarely seen leaving the cell. In order to dis-
tinguish more certainly between these various
possibilities, we have studied the uptake of
labelled cholesterol, both in the free state and
complexed with crystalline albumin, and its
subsequent exchange with the medium when
the cells were returned to unlabelled medium.
Tt was found that the cells were continually
excreting cholestercl at a rate which was at
least 124 times the net rate of cholesterol ac-
cumulation within the cell. These results can
only be reconciled if some process (i.e. uptake
followed by excretion) such as that outlined
in the second hypothesis above, is taking
place. Fillerup et al. have studied the uptake
of labelled albumin palmitate by ascites tu-
mor cells(29). They found that palmitic acid
was readily taken up, but that albumin was
not. They concluded therefore that the al-
bumin palmitate complex was probably hy-
drolyzed at the cell surface and that this was
then followed by passage of the palmitic acid
into the cell. Tt would seem however that the
operation of some excretion process similar to
that described here would also be a valid ex-
planation of these results.

Although the valtues observed for rate of ex-
change of labelled cholesterol with the me-
dium are of sufficient magnitude to explain
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the uptake of both phospholipids and choles-
terol by the second mechanism outlined above,
rate of uptake observed for triglyceride is still
t~o large to be explained entirely on this basis.
Two possibilities are under consideration.
First that the labelled cholesterol within the
cells is less labile towards exchange than the
newly incoming unlabelled cholesterol, or sec-
ond, that uptake of triglycerides does indeed
involve hoth a specific and a non-specific
process.

Summary. 1) A variety of mammalian
cells growing in tissue culture took up appre-
ciable amounts of lipid from the serum used
in the medium. For the MB IIT strain of
mouse lymphoblasts, triglycerides were most
rapidly utilized followed by phospholipids and
then cholesterol. This preferential utilization
of triglycerides was also shown by 4 other cell
strains. 2) The MB 111 cell utilized saturated
and unsaturated lipids equally readily, and
there was little net breakdown of lipid to sat-
isfy cell energy requirements. There was
however considerable conversion of triglycer-
ides to phospholipid following absorption.
3) Cholesterol uptake appears to be a general
phenomenon, and appreciable amounts rang-
ing from 0.6% to 2.8% of the dry weight were
found in all strains of cultured cells examined.
Cholesterol content of cells was related to the
type of serum used in the growth medium.
4) The composition of the lipid taken up by
the cells differed markedly from that in the
medium. This is discussed from the point of
view of: (1). A specific process of uptake or
(2). A non-specific uptake by pinocytosis, fol-
lowed by incorporation and a non-specific ex-
cretion. Evidence is presented in favor of
this second mechanism.
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Anticoagulant Activity of Phosphatidvlserine Free of

Lysophosphatidylserine.*

(24746)

M. J. Siver, D. L. Tuexer, R R. HoLBurn axn L. M. TocanTins!
Charlotte Drake Cardeza Fn., Jefierson Medical College, Philadelphia, Pa.

In our earlier work(1.2) purified phospha-
tidylserine (PS) from pork brain was shown
to be a potent anticoagulant in vive and in
vitro. However, these fractions were con-
taminated with lysophosphatidviserine (LT'S).
The present paper describes fractions free of
LPS, with anticoagulant activity similar to
that of the earlier fractions. This substanti-
ates the previously recorded evidence(1.2)
that anticoagulant activity is a function of
naturally occurring PS.

Methods. Preparation of fractions. In our
earlier method(1.2) for purification of PS
from the fraction 111 of Folch(3) the frac-
tions are in prolonged contact with chloroform
and methanol. The method was modified by
eliminating the overnight extraction of each
fraction with chloroform and methanol. thus
completing the fractionation in one day in-

* Aided by grant from US.P.HS.
I With technical assistance of Louise (’Keefe.

stead of eicht. The extracts derived from the
fraction TIT of Folch are designated as ITI-1,
IT7-2. T11-3. . . . TII-8 and the residue as
1T-R.

Results.  Paper chromatography. Fig. 1
illustrates paper chromatography of the pure
serine phosphatide fractions on paper impreg-
nated with silicic acid. The methods em-
nloyed have been described(4,1). To show
how purification was followed from the “ce-
phalin” some of the cruder fractions are in-
cluded. Fractions TI1-2 to II1-8 had only one
spot corresponding to P'S. This spot was ninhy-
drin positive and appeared blue-violet under
ultra-violet light (UV) in the wet state, after
staining with Rhodamine 6G. The yellow
center is believed to represent aldehydogenic
serine phosphatide. Fraction ITI-R showed a
spot corresponding to PS and a slow-moving
component with mobility and staining prop-
erties similar to an inositol phosphatide (IP).
The TP content of this fraction would explain



