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SYNTHESIS, CELLULAR TURNOVER, AND MASS OF CHOLESTEROL 

Harry W. Chen 
Andrew A, Kandutsch 

GENERAL INTRODUCTION 

Although cholesterol is one of the major lipid components 
in the plasma membrane of animal cells, its role therein and 
in other cell membranes is only beginning to be understood. 
Perhaps the most important of its functions derives from its 
interaction with phospholipids to regulate the fluidity of the 
membranes. Since many biological activities of surface mem-
branes, e.g., transport of nutrients, activity of membrane-
associated enzymes, and mobility of various receptors, are reg-
ulated by the fluidity of the membrane, the study of cholesterol 
metabolism is important in understanding the control of these 
activities. Macrophages appear to be of special interest in 
this regard since they carry on many activities that involve the 
plasma membrane including pinocytosis, phagocytosis, spreading 
and migration, chemotaxis and binding to antigens, microorgan-
isms, and other cells. 
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II. METHODS FOR DETERMINATION OF RATE OF CHOLESTEROL SYNTHESIS 

A. Introduction 

Cholesterol in the plasma membrane can derive from endo-
genous biosynthesis, or from exchange with exogenous cholester-
ol, usually in the form of serum lipoproteins. The proportion 
of cellular cholesterol derived from one or the other source is 
dependent on the composition of the incubation fluid or growth 
medium. In addition, compounds present in serum (specifically 
oxysterols generated by the autoxidation of lipoprotein chol-
esterol) can specifically inhibit cholesterol synthesis (1). 
To obtain a meaningful measure of the cells■ ability to synthe-
size cholesterol, it is, therefore, desirable to incubate cells 
either in chemically defined medium or in medium deficient in 
serum lipids. Serum can be either delipidated by organic sol-
vent extraction (2) or lipoproteins in serum can be removed by 
sequential flotation centrifugation in a potassium bromide 
gradient (3). 

Methods for determining absolute rates of cholesterol syn-
thesis by measuring the incorporation of 3R from tritiated water 
(4) or of 14C from [l-14c]octonoate (5) into the sterol have 
been described. However both of these methods are subject to 
limitations and involve assumptions regarding the equilibration 
of radiolabeled compounds with various pools of intracellular 
metabolites (4 - 6). A method that appears to be exempt from 
these criticisms involves the use of a drug, triparanol, to 
block a final step in cholesterol synthesis (7). The mass and 
radioactivity of newly synthesized sterol (desmosterol) can 
then be determined independent of the mass of cholesterol that 
was present at the beginning of the rate experiment. These 
procedures, especially the last, are technically rather complex. 

Analysis of more easily determined relative rates of syn-
thesis may provide information adequate to answer many questions, 
at least in the early phases of an investigation. It should be 
borne in mind, however, that such data might be affected by sub-
stantial changes in the kind and amount of nutrients that are 
supplied to the cells. For this reason it is wise to base con-
clusions regarding rates of cholesterol synthesis upon studies 
with more than one substrate. It is also desirable to correlate 
measured rates of cholesterol synthesis with values for the 
level of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reduc-
tase activity (5). Under most conditions this enzyme activity 
regulates the flow of intermediates along the pathway to choles-
terol. Reductase activity levels appear to be independent of 
any changes in the pool sizes of intermediate compounds. How-
ever both active and inactive forms of reductase appear to be 
present in several cell types and the physiological role of the 
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inactive form is still unknown (8). 

Following is a method we use routinely to measure relative 

rates of cholesterol synthesis in murine peritoneal macrophages 

stimulated by thioglycollate injection. Macrophages are ob-

tained from mice by a procedure similar to the one described 

in Chapter 7 of this volume. Approximately 6 x 10^ washed 

cells are allowed to attach in a 100-mm petri dish (e.g., 

Corning Tissue Culture Dish) for 10 min at 37°C in an incubator 

of humidified 5% CO2 and 95% air. Medium with unattached cells 

is removed and the culture is washed twice with cold Ca and Mg-

deficient phosphate-buffered saline solution. After the addi-

tion of a growth medium, these cells can be used immediately 

for the determination of cholesterol synthesis, or they can be 

cultured in a growth medium supplemented with 4 mg/ml delipi-

dated serum proteins prepared from fetal calf serum (2). This 

concentration of protein is equivalent to that in medium con-

taining 10% serum. Cells cultured in several kinds of commer-

cially available media, including Waymouth MB 752/1, RPM1 1640, 

Ham's F-10, McCoy's 5a, and Eagle's minimum essential medium 

(MEM) exhibit comparable rates of cholesterol synthesis. If a 

long-term culture or dividing population of macrophages is 

needed, then the macrophage growth factors must be added to the 

medium as described by Defendi and his co-workers (9, 1 0 ) . 

B. Reagents 

(1) [l- c]Acetate acid, sodium salt, 1-3 mCi/mmol (New 

England Nuclear). If the specific activity is higher 

than 1 mCi/mmole, dilute with sodium acetate to 

1 mCi/mmol and then with growth medium to give 

100 yCi/ml. 

(.2) 90% KOH, Dissolve 90 gm of KOH in 63.2 ml of H 20 

(.3) 3 N HC1, Add 25.9 ml HC1 to 74.1 ml of H 20 

(4) 35% Perchloric acid (PCA), add 50 ml of PCA (70% solu-

tion) (Fisher Scientific) to 50 ml of Η 20 

(5) 6% PCA, Dilute the above solution with H2O 

(6) [l,2-3H(N)] Cholesterol, 40-70 Ci/mmol (New England Nu-

clear) , dilute with ethanol to about 1 yCi/ml, used 20 

ul/ml sample, which will give approximately 100,000 cpm 

(7) Petroleum ether (Fisher Scientific) 

(8) Anhydrous ether (Fisher Scientific) 

(9) Cholesterol (Sigma, CH-K) Make a 2.5 mg/ml solution 

by dissolving 0.25 gm of cholesterol in 100 ml ethanol 

(10) Nitrogen gas 

(11) Chloroform (Fisher Scientific) 

(12) Methanol (Fisher Scientific) 

(13) Thin layer chromâtography plate, Whatman LK5D Linear-K 

analytical TLC precoated plates (Pierce Chemical C o . ) , 
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which have 19 channe l s i n one p l a t e 
(14) Toluene (Fisher Scientific) 

(15) Ethyl acetate (Fisher Scientific) 

(16) Rhodamine B (Sigma) solution, 0.1 gm in 100 ml of 

methanol 

(17) Counting solution, toluene-Omnifluor (New England Nu-

clear) Dissolve 4 gm of Omnifluor in 1 liter of toluene 

(18) 14C-Labeled toluene (NES-006, 4 x 10 5 dpm/ml, New 

England Nuclear) 

(19) Acetone (Fisher Scientific) 

(20) Acetic acid (Fisher Scientific) 10% solution 

(21) Digitonin, 0.5%, Dissolve 0.5 gm (Fisher Scientific) 

in 100 ml of 50% ethanol over steam 

(22) Glacial acetic acid 

(23) Calf thymus DNA (Sigma) 

C. Procedure 

(1) Discard the old medium if the cells have been cultured, 

wash the cells with 5 ml medium, add 5 ml of fresh prewarmed 

medium containing 20 yci (20 ymol) of [l-l^c]acetate, and incu-

bate at 37°C in a 95% air - 5% C02 incubator for 1 or 2 hr. 

(2) Terminate the incubation by adding 0.5 ml 90% KOH and 

let the sample stand overnight. 

(3) Pipet a 1-ml aliquot into a 15-ml centrifuge tube for 

the determination of DNA, as will be described later. Transfer 

the rest of the sample to a glass centrifuge tube (50 ml) and 

saponify it by autoclaving for 1 hr. 

(4) After cooling to room temperature, add an equal volume 

of absolute ethanol and mix. Add [3H]cholesterol approximately 

(100,000 cpm in 20 yl) as an internal standard for determining 

the re cove ry. 

(5) Add 10 ml of petroleum ether, shake the sample for a 

few minutes and then transfer the petroleum ether fraction (top 

layer) to a 15-ml centrifuge tube. Extract the water phase 

again with another 5 ml of petroleum ether and combine the two 

extracts. The water phase may be saved for the determination 

of 14C-labeled fatty acids (11). 

(6) Add 0.1 mg of unlabeled cholesterol (0.04 ml of choles-

terol solution) as a carrier, mix, and evaporate the petroleum 

ether to dryness with a stream of nitrogen gas. 

(7) Dissolve the residue in 0.1 ml of chloroform:methanol 

(2:1) and spot the solution on a TLC plate. 

(8) Desiccate the plate until dry and then develop it with 

toluene:ethyl acetate (2:1) in a covered glass tank. The level 

of the solvent should just be high enough to touch the bottom 

edge of the plate (about 90 ml in a thin layer chromâtography 

tank from Supelco, Inc.). 
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(9) Remove the plate after the solvent front has ascended 

to about 1 in. below the top of the plate (45 to 60 min). 

(10) Dry the plate in the air for a few minutes, spray with 

Rhodamine B solution, place the plate under uv light and mark 

the cholesterol band that shows as a faint yellowish band. 

(11) Scrape the material within the band into a scintilla-

tion vial with a razor blade and add 0.5 ml of absolute ethanol. 

(12) After a few minutes add 5 to 10 ml of toluene-Omnifluor 

solution. 

(13) Count the radioactivity in the samples. The blank con-

sists of a comparable segment of the silica gel layer from a 

channel on which no sample has been run. To calculate counting 

efficiency, a vial containing [^c]toluene (about 10,000 dpm) 

is counted. 

(14) An alternative method for cholesterol analysis uses 

digitonin precipitation. If one does not desire to use TLC 

chromatography, the sterol fraction can be separated by preci-

pitation with digitonin, but an overnight wait for complete 

precipitation of sterol is required. 

(a) Start with the petroleum ether extract as described in 

step (5). 

(b) Evaporate the ether and add 6 ml of acetone:ethanol 

(1:1), 3 drops of 10% acetic acid, and 3 ml of digitonin 

solution, mix. 

(c) Add 0.5 mg of carrier cholesterol to the sample and mix; 

let the mixture stand overnight in dark place at room 

temperature. 

(d) Centrifuge the precipitate at 1000 g for 5 min. 
(e) Pour off the liquid and wash the precipitate with 6 ml 

of ether:acetone (2:1). Pour off the liquid and wash 

the sediment twice with 6 ml anhydrous ether. 

(f) Dry the sample until the ether has evaporated. 

(g) Add 1 ml of glacial acetic acid and mix until the 

sample dissolves. 

(h) Pipette a sample (e.g., 0.2 ml) of the solution into a 

scintillation vial, mix with 10 to 15 ml of toluene-

Omni fluor solution and count the radioactivity. 

(15) Determination of the DNA content of the culture. 

(a) Dissolve 10 mg of DNA (calf thymus) in 100 ml of 8% 

KOH. Dilute the DNA stock solution with 8% KOH solution 

to give a series of standard DNA solutions containing 5, 

10, 25, 50, and 75 yg of DNA/ml. 

(b) Cool the 1 ml aliquot of the culture hydrolyzate from 

step C(3), and 1 ml aliquots of each of the DNA standard 

solutions in 15-ml centrifuge tubes. Carry out the next 

three steps on ice. 

(c) Add 1.5 ml of H2O to each tube and neutralize the solu-

tion with 0.5 ml of 3 >N HC1, mix. 
(d) Add 0.6 ml of 35% PCA to precipitate DNA (potassium 
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perchlorate will precipitate also). 
(e) Collect the precipitate by centrifuging the samples at 

4°C for 10 min at 1000 g. 
(f) Wash the precipitate with 4 ml of 6% PCA, resuspend, 

centrifuge to collect the precipitate as before. Drain 

the tube. 

(g) Add 4 ml of 6% PCA, resuspend, heat for 15 min at 90°C. 

(h) Chill the tubes on ice and centrifuge for 10 -min at 

1000 g. 
(i) Carefully remove the supernatant fluid to another tube. 
(j) Read the absorbancy of the samples at 268 nm against a 

6% PCA blank in a spectrophotometer. 

D. Calculation of Data 

Data are expressed as [ c]acetate dpm incorporated into 
sterol per microgram of DNA per hour. In our experience, the 
rate at which -^C is incorporated under these conditions into 
the cholesterol of mouse macrophages that are analyzed imme-
diately after attachment to culture dish, is approximately 3 to 
6 dpm/yg DNA/hr. After culturing in 10% delipidated serum for 
one day, the rate of incorporation increases to approximately 
20 to 40 dpm/yg of DNA/hr. 

Calculation of p-^c]acetate incorporation into sterol is as 
follows: We use a multiple-channel liquid scintillation counter 
(ISOCAP 300, Nuclear Chicago) for counting the dual-labeled 
sample. By counting [14c]toluene (25 μΐ, 10,000 dpm) as des-
cribed in step 13 one obtains ^C: 

Efficiency channel A = cpm channel A/10,000 
Efficiency channel B = cpm channel B/10,000 

From the number of counts in the samples, one calculates 

14 Overlap of C in channel A 

- cpm in channel B x Efficiency 1 4C in channel A 
Efficiency of 14c in channel B 

% Recovery 

_ cpm in channel A - overlap 
cpm in[3H]cholesterol added to the sample 

Total dpm 1 4C 

_ cpm in channel B/Efficiency of 1 4C in channel B 
% Recovery 

1 4C dpm in the sample 

= total C dpm - total 1 4C dpm of the blank 
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E. Critical Comments 

The procedure described makes use of 4 mM [l-̂ -̂ c] acetate as 
the sterol precursor, which is relatively less expensive. It 
has been used extensively with many kinds of cell cultures and 
tissue slices and, with few exceptions, alterations in the rate 
of its incorporation into cholesterol correlate well with 
changes in the level of the regulatory enzyme in the pathway, 
HMG - CoA reductase. However the data obtained do not indicate 
absolute rates of cholesterol synthesis and results may be af-
fected by alterations in mitochondrial and cytoplasmic pools of 
acetyl-CoA or its precursors. It is possible to substitute for 
4 mM [l-14c] acetate, 1 mAf [l-14c] octanoate or 3 mM [l-l4c]pyru~ 
vate with no other changes in the experimental procedure. How-
ever sodium octanoate is a detergent and we have some indication 
that at a concentration of 1 mM it is toxic to some cell cul-
tures. [l-l^cJPyruvate may prove to be a specially useful 
sterol precursor in view of a report by Gibbons and Pullinger 
(6) that at a concentration of 3 mM it was the sole precursor 
for all of the cholesterol made by surviving liver cell cul-
tures. Thus, the absolute rate of cholesterol synthesis can 
be determined under this condition. It has not yet been shown 
that this is the case for other cell types and other conditions. 
A disadvantage is the high cost of the labeled pyruvate. 

Since these precursors mentioned above will also be incor-
porated into fatty acids or converted into C02, it is sometimes 
useful to measure these rates in the same experiments (11) in 
order to determine whether or not alteration in rate of choles-
terol synthesis under a specific experimental condition is 
specific. Furthermore, the production of C02 can be used to 
assess the general metabolism of the cells. The method des-
cribed here has been used in our laboratory with murine peri-
toneal macrophages; it should be suitable for macrophages from 
other sources and from other species. Similar methods em-
ploying C acetate as a precursor have been reported with 
macrophages of mice (12) and of rabbits (13) and with circulat-
ing human monocytes (14). 

III. METHOD FOR INVESTIGATING THE CELLULAR TURNOVER OF 
CHOLESTEROL 

A. Introduction 

Most tissues and cell types including macrophages do not 
metabolize cholesterol other than to esterify it. The rate of 
cellular cholesterol "turnover" in these cases, then represents 
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a balance between the acquisition of cholesterol (uptake plus 
synthesis) by the cell and the loss of cholesterol from the 
cell by means other than metabolic degradation. Recognized 
mechanisms by which cholesterol can be lost from the cell are: 
(a) extrusion as membrane vesicles (exfoliation) (15); (b) ex-
change with free cholesterol in lipoproteins; and (c) transfer 
from the cell membrane to acceptor (binding) protein present 
in the medium (16). Under some conditions all of these mechan-
isms may be in play .# Their contributions to the total efflux 
can be separated by altering the medium in various ways or by 
fractionating the cholesterol recovered in the medium to dif-
ferentiate exfoliated cholesterol (membrane-bound) from that 
bound to soluble proteins. When cultures are grown in lipid-
free media as described above, the cell acquires cholesterol by 
synthesis alone and it is lost from the cell, principally if 
not solely, by a combination of exfoliation and transfer from 
the plasma membrane to acceptor proteins in the medium. Under 
these conditions, the cellular cholesterol can be prelabeled by 
incubating the culture with [2- 4c]mevalonate, which is used 
almost exclusively for the biosynthesis of polyisoprenoid com-
pounds (principally cholesterol), and the efflux of the labeled 
cholesterol from the cells into the culture medium can be de-
termined as outlined below. 

B. Reagents 

[2- c]Mevalonic acid lactone (27.3 mCi/mmol from New Eng-
land Nuclear): Evaporate the benzene in the vial and dissolve 
the lactone with culture growth medium (e.g., Waymouth MB 752/1 
or McCoy's 5a medium). 

Handifluor (Scintillation fluid, Mallinckrodt Chemical 
Works, St. Louis, Missouri). 

C. Procedures 

(1) Prepare cultures of macrophages in lOO-cm^ culture 

dishes as described in the previous section and incubate them 

in 5 ml growth medium supplemented with 4 mg/ml of delipidated 

serum proteins and 1 to 2 yCi of [14c]mevalonic acid lactone. 

The incubation is carried out at 37°C for 16 hr or longer in 

order to allow equilibration of newly synthesized [^4c]choles-

terol with the total cholesterol pool. 

(2) After the incubation, discard the used medium and wash 

the cells three times with 5 ml volume of fresh medium. 

(3) Add 5 ml of fresh medium and incubate the cells for 30 

min to allow efflux from the cells of unused [14c]mevalonate. 

(4) Discard the incubation medium, add 5 ml of experimental 
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medium, e.g., medium containing no proteins, or containing 
4 mg/ml of delipidated serum proteins or 10% fetal bovine serum. 

(5) After incubation for an appropriate time period, e.g., 
1 hr or 4 hr, the medium is removed, and centrifuged at 
100,000 g for 1 hr. A 2 ml aliquot of the supernatant fluid is 
mixed with 10 ml of Handifluor and the radioactivity counted. 
The radioactivity in the pellet, which represents dead cells 
and membrane vesicles, can be counted after discarding the re-
maining supernatant fluid, resuspending the residue with 2 ml 
of H2O and then mixing it with 10 ml Handifluor. There is very 
little activity in this particulate fraction under the experi-
mental conditions described herein. 

(6) Add 5 ml 0.9% NaCl solution and 0.5 ml 90% KOH to the 
cells. The cellular DNA content and the radioactivity in the 
cellular cholesterol are determined by the procedures described 
in the last section. An aliquot of the petroleum ether extract 
containing the cellular cholesterol as listed in Section U.C.5 
can be analyzed for the mass of cholesterol as is described in 
the following section, and the mass of cholesterol passed from 
the cells into the medium can then be calculated. Under pre-
cisely controlled culture conditions, these values may be taken 
as approximating the rate of cellular turnover. 

Calculation 

dpm in cellular 

Specific activity of cholesterol = ^olesterol/yg DNA 
yg cellular 
cholesterol/yg DNA 

= dpm/yg of cellular cholesterol 

Rate of cellular cholesterol _ dpm in medium 
turnover (.yg/hr/yg DNA) dpm/yg cellular cholesterol 

x hr incubation x yg DNA 

Under the conditions described, with delipidated serum pro-
teins present in the medium at a concentration of 4 mg/ml, the 
rate of -^C release from the cells into the medium was about 
50 - 60 dpm/yg DNA/hr. The mass amount of cholesterol in the 
cells was about 0.4 yg/yg DNA. About 2% of the total cholester-
ol was transferred from the cells to the medium per hour. 
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E. Critica1 Comments 

The method assumes that labeled cholesterol synthesized 
from f1 c]mevalonate has equilibrated with all cholesterol 
pools within the cells before the rate of its efflux is meas-
ured. It also assumes that negligible amounts of the effluxed 
cholesterol are taken back into the cells. While these assump-
tions seem reasonable, they have not been tested. The utility 
of the procedure is limited to a set of culture conditions that 
exclude a high rate of exchange between cellular cholesterol 
and lipoprotein cholesterol. 

IV. METHOD FOR DETERMINING CHOLESTEROL MASS 

A. Introduction 

Many methods for measuring cholesterol are available and 
are in common use for determining blood and tissue cholesterol 
levels. Nearly all of them involve the generation of a 
chromophore that is measured with a spectrophotometer. They 
vary in convenience, sensitivity, and specificity. Examples of 
the use of colorimetric methods to measure the concentration of 
cholesterol in cell cultures are given in references (17) 
through (19). The gas Chromatographie method for assaying 
cholesterol described below has several advantages over colori-
metric methods, the principal ones being a high degree of 
specificity (freedom from interference) and the capability of 
identifying and quantifying other sterols if they are present. 
Its disadvantages are the requirement for an expensive instru-
ment, although these are now fairly widely available, and the 
relatively long period of time required for each assay. The 
choice of method, therefore, depends in large part upon the 
number of assays to be conducted and the requirements for ac-
curacy and specificity. If large numbers of assays are to be 
carried on routinely the use of a colorimetric method may be 
indicated. 

B. Reagents 

(1) Cholesterol (Sigma, S grade); dissolve 5 mg (accurately 
weighed) in 5 ml benzene 

(2) 53-Cholestan-33-ol (Applied Science Laboratories); dis-
solve 5 mg (accurately weighed) in 5 ml of benzene 

(3) Chloroform:methanol, 2:1 (v/v), (both solvents Fisher, 
certified grade) 
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(4) MgCl2 solution (0.03%): dissolve 640 mg of MgCl2#6 H 20 

in 1 liter of H 20 

(5) Nitrogen gas (Matheson, extra dry) 

(6) KOH in ethanol (5%): dissolve 5 g K0H in 100 ml of 95% 

ethanol 

(7) HMDS Reagent in pyridine (Analabs, Inc.): a mixture of 

10 parts of hexamethyldisilazane, 2 parts of trimethyl-

chlorosilane and 1 part pyridine 

We use a Hewlitt-Packard Model 5830A gas - liquid chromato-

graphy apparatus, with a flame ionization detector and automa-

tic peak integrator equipped with a 1/4 in. x 6 ft glass column 

packed with 3% AN 600 (liquid phase) on Anachrom Q 2 , Mesh 110-

120 (solid phase) both from Analabs, Inc. 

C. Procedure for Determining Free and Total Cholesterol 

(1) If both free and total cholesterol are to be determined, 

an amount of cells containing between 5 and 20 yg of cholesterol 

(a confluent culture in a 100-mm petri dish) is harvested usual-

ly by careful scraping with a rubber policeman, and pelleted by 

cent ri fugat ion. 

(2) The pellet is resuspended in 0.5 ml of H 20 to give a 

total volume of about 0.6 ml and sonicated briefly (20 sec). 

(3) A sample (20 yl) may be taken for the determination of 

total protein (20), or a larger (0.1 ml) aliquot may be taken 

for DNA analysis as described in Section B. 

(4) An aliquot (usually 0.5 ml) of the remainder of the cell 

homogenate is placed in a 15-ml glass centrifuge tube, 10 yg of 

5ß-cholestan-33-ol (io yl of standard solution) and 20 volumes 

(usually 10 ml) of chloroform/methanol, 2/1, is added. The mix-

ture is briefly vortexed. 

(5) Particulate matter is removed by filtration through 

filter paper in a small Büchner funnel, the filtrate is col-

lected in a 15-ml centrifuge tube, and 0.2 volumes of aqueous 

0.03% MgCl2 is added. 

(6) After mixing by vortexing, the mixture is centrifuged 

at low speed. 

(7) The upper phase is drawn off and discarded including any 

material between the two phases. 

(8) The volume of the lower phase is brought to 10 ml with 

CHCI3, an aliquot (approximately 0.5 ml) is taken for the de-

termination of lipid phosphorus (21), and two large aliquots 

(usually of equal size) accounting for most of the remainder of 

the extract are taken for assay of free cholesterol and measure-

ment of total sterol. 

(9) For the determination of free cholesterol, the aliquot 

of the lipid extract is evaporated to complete dryness in a 3 ml 

centrifuge tube under a stream of N 2 , with gentle heat from a 
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water bath. The sides of the tube are rinsed down with a few 
drops of benzene, the benzene is evaporated, and 20 μΐ of 
hexamethyldisilizane reagent are added. 

(10) The reaction mixture is heated at 50° for 15 min and 
from 1 to 5 μΐ are injected into the column. Column tempera-
ture is 255° and carrier gas (N2) flow rate is 40 ml/min. 
Under these conditions the silyl ethers of the 53-cholestan-
33-ol internal standard and the cellular free cholesterol are 
eluted with retention times of approximately 5.8 and 7.5 min, 
respectively. 

(11) The aliquot taken for the determination of total 
cholesterol is dried in a 15 ml centrifuge tube under N2 and 
saponified with 1.5 ml of 10% KOH in 95% ethanol at 55° for 
2 hr. Water (1.5 ml) and 5 ml of petroleum ether are then 
added, the tube is shaken for at least 1 min, and the petroleum 
ether layer is drawn off. The lower phase is reextracted with 
5 ml of petroleum ether and the combined extracts are dried un-
der nitrogen. Silylation of the dried residue and gas chroma-
tography are carried out as described for the free cholesterol 
assay. 

D. Calculation 

Peak areas for standard cholesterol and 53-cholestan-3ß-ol 
are determined by averaging values obtained by injecting vari-
ous amounts of the standard solutions. 

The method for calculating either free or total cholesterol 
is 

yg of cholesterol 
in the homogenate = 
(free or total) 

Peak area for 1 yg of 
5ß-cholestan-3ß-ol standard 
Peak area for 1 yg of cholesterol standard 

Peak area for cholesterol 
in the injected sample 
Peak area for 5ß-cholestan-3ß-ol 
in the injected sample 

x yg of 5ß-cholestan-33-ol added to the 
cell homogenate 

The amount of esterified cholesterol is obtained by sub-
tracting the value for free cholesterol from that for total 
cholesterol. Values can be expressed in terms of total cell 
protein, DNA, or cellular phospholipid. The standard deviation 
of the cholesterol measurements is approximately ±4%. 
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E. Critical Comments 

The procedure does not permit accurate determination of 
small amounts of esterified cholesterol equal to 5% or less of 
the total cholesterol. Under the conditions we have used to 
culture macrophages (described above), significant amounts of 
esterified cholesterol were not detected. In cases where values 
for esterified cholesterol are not required, or when amounts of 
esterified cholesterol have been established as insignificant, 
a determination of either total cholesterol or free cholesterol 
may be all that is necessary. 
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