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SERUM CHOLESTEROL CONCENTRATIONS OF WOMEN ON A CONTROLLED DIET
INTRODUCTION

Extensive research has been undertaken in recent years in the
United States seeking to uncover reasons far the growing incidence of
heart disease., Atherosclerosis, a disease in which lipid deposits are
built up within the intima of the artery, has been cited as a predomi-
nant cause, This disease, though diagnosed rarely in women before the
menopause and seemingly occurring as a sexual difference, has been
widely associated with dietary pattern (19, p.39) and lipid metabolism
(13, peb91).

Elevated serum cholesterol concentrations accompany atherosclero-
sis in experimental animals and the present trend has been to affix an
index of the disease on cholesterol-containing substances in human
blood (13, p«691). However, not all humans with elevated serum choles-
terol concentrations suffer from atherosclerosis nor do all patients
with this disease experience high serum cholesterol levels.

Since all factors influencing human serum chalesterol concentra-
tions are not completely understood, further research on human choles-
terol metebolism is needed. No studies of daily determinations of
human serum cholesterol concentrations have been reported; previous
data on serial determinations of serum cholesterol have been based on
biweekly, weekly, monthly or irregular periods of time. Further, only
a very few studies of serum cholesterol concentrations of humans on

controlled diets for extended periods of time have been reported.



| This study was undertaken to ascertain the extent of daily varia-
tions of serum cholesterol concentrations of four women on a constant
diet for thirty days. The research was carried out in the Nutrition
Research Laboratory, School of Home Economics, Oregon State College,
as a part of a project determining riboflavin and diphosphopyridine
nucleotide concentrations of blood samples from the same four subjects,
The relationships of the serum cholesterol concentrations to concentra-
tions of the other determined serum constituents, i.e. riboflavin,
diphosphopyridine nucleotide, ascorbic acid and phospholipids, will be
analyzed in a subsequent report. »

An unpublished micromethod requiring only 4O lambda of serum for
the determinations of both free and total cholesterol was made availe
sble to this laboratory for modification and use. Following extensive
methodology studies, the modified method was satisfactory for the
analysis of the serum samples. The micro amount of serum required by
the method made it possible to analyze the daily serum samples for free
and total cholesterol concurrently with analyses of other serum con-
stituents. »



METHOD FOR THE DETERMINATION OF FREE AND TOTAL CHOLESTEROL
IN 4O LAMBDA OF SERUM

The evolution of methods for the determination of cholesterol in
blood has continued for almost fifty years. Since Windaus first ap-
plied digitonin to the macrogravimetric determination of cholesterol in
1909 and Grigaut devised a method employing the Liebermann-Burchard
reagent for visual determinations in 1910, more than fifty original or
modified cholesterol methods have been published. The development of
cholesterol methods and cholestercl methodology have been critically
reviewed by Zak and Ressler (58, p.Lh33-Ll6).

Cholesterol methods have evolved with variations along three main
pathways: the means of separating cholesterol from its protein com-
plexes; the isolation of the cholesterol; and the final means of
measurement. Counter-current separation, absorption in plaster of
Paris, column chromatography and extraction into various organiec
solvents have been used to separate cholestercl from blood protein
fractions, Methods of isolation have included chromatography and
precipitation. Final @asuments have been made by various gravi-
metrie, titrimetric, gasometric and spectrophotometrie rprocedures.

Although various abridged methods have been proposed, precise
methods for the determination of total cholesterol in serum have
involved four steps: 1) extraction of cholesterol from protein come
plexes; 2) saponification of cholesterol esters to free cholesterol;
3) isolation of the free cholesterol as the cholesteroledigitonide
precipitate; and i) final measurement. :



Extraction by acetone-ethanol, first reported by Schoenheimer and
Sperry (L3, p.Th5=760), has been accepted widely as a simple procedure
and yet it facilitates complete liberation of cholesterol from its
accompanying protein. Mild saponification of esterified cholesterol,
although time consuming, generally has been accepted as essential for
accurate analysis because of the varied absorbancy characteristics of
the free and esterified forms of cholestercl and because it is essen-
tial to the complete isolation of cholesterol. Digitonin of high
quality, addgd in excess, has been basic to most isolation procedures.
Of all final measurement procedures used, the Liebermann-Burchard
color reaction has remained the most important, although its mechanism
is still unknown. The color reaction with cholesterol is sensitive to
temperature, time, light and the presence of water; carefully con-
trolled conditions must be followed.

The Schoenheimer and Sperry method (43, p.745-760), which was
published in 1934, was a classic in the development of cholesterol
methods, The method allowed accurate analyses of both free and total
cholesterol on only 200 lambda of serum and greatly facilitated serum
cholesterol analyses in both animals and humans. Schoenheimer and
Sperry extracted the cholesterol by acetone~=ethanol, sapenificdftho
esterified cholesterol with potassium hydroxide, precipitated the free
cholesterol with high quality digitonin and measured the cholesterol
present by the Liebermann-Burchard reaction under specified conditions.
The original method and its subsequent modifications have been standard

references in cholesterol methodology studies.



The Sperry and Webb modificstion of the Schoenheimer and Sperry
method was published in 1950 (48, p.97=106). Isolation with an
alcoholic rather than an aqueous solution of digitonin and slight
changes in the conditions for development of the Liebermann-Burchard
color reaction were the principal modifications. For each analysis
200 lambda of serum was required.

The need for using single samples of finger-tip blood of humans
for analyses of several serum constituents stimulated interest in
developing an accurate cholesterol method requiring only a fraction
of the serum of existing methods. Because of its accuracy, the

Sperry and Webb method was selected for adaptation,

METHODOLOGY STUDIES

The Sperry and Webb cholesterol method (48, p.97-106) was adapted
to a micromethod requiring only 4O lambda of serum for each analysis by
workers at the New Mexico and Utah State Agricultural Experiment
Stations. This unpublished method (8), made available to this labora-
tory by Dr. Ethelwyn Wilcox!, has been further modified in certain
details as a result of extensive methodology studies.

Certain techniques and procedures of the method were modified in
this laboratory for greater precision or convenience: 1) times of
centrifuging at all separation steps were increased 10 minutes;

1 Appreciation is expressed to Dr. Ethelwyn Wilcox, Utah State Agri-
cultural College, and Miss Edith Lantz, Professor of Nutrition, New
Mexico State College of Agriculture and Mechanic Arts, for their
generous permission to modify and use this unpublished method.



2) samplings of the acétone-ethanol lipid extracts were measured
directly from the supernatant in the centrifuge tubes rather than after
transfer; and 3) the use of a Bausch and Lomb lighted magnifier was
‘introduced to increase visibility and to allow more accurate separa-
tions of washing solvents from the cholesterol digitonide precipitates,
Major modifications made in the method were: 1) the use of alcoholie
10 per cent acetic acid instead of aqueous 10 per cent acetic acid for
acidification of acetone-ethanol extracts prior to digitonin precipi-
“tation; 2) reduction of the amount and concentration of the potassium
hydroxide used in saponification of the esterified cholesterol, with a
consequent reduction in the amount of acetic acid used for neutraliza-
tion; 3) reduction of the amount of acidification of acetone-ethanol
extracts prior to digitonin precipitation in free cholesterol deter-
mination; and 4) inclusion of a reagent blank for all series of

analyses,

Use of Alcoholic Acetic Acid

The 10 per cent acetic acid solution was prepared with absolute
alcohol rather than distilled water as this alecoholic preparation had
been recommended by Sperry and Brand (47, pe315)s This modification
had been made in the use of the Sperry and Webb method in this labora-
tory. The use of alcoholic rather than aqueous 10 per cent acetie
acid reduced the introduction of water in the procedure.

Reduction of Amount and Concentration of Potassium Hydroxide

Recoveries of total cholesterol were low when, as originally



recommended in the Utah method, 10 lambda of 33 per ceant potassium
hydroxide was used for ssponification and 60 lambda of 10 per cent
acetic acid was used for neutrslization. Repeated determinations were
made on standard solutions of cholesterol and cholesterol acetate and
on serum with known amounts of added cholesterol and cholesterol
acetate, Methods of washing, times of centrifugation, mixing tech-
niques, lengths of time for ssponification and amounts and concentra-
tions of potassium hydroxide were varied. When reductions were made
in the amount and concentration of potassium hydroxide and, conse-
quently, a reduction in the amount of scetic scid required for _
neutralization, recoveries were satisfactory, table 1, These data
resulted in the adoption of 5 lambda of 16.5 per cent potassium
hydroxide for ssponification in total cholesterol determinations;
approximately 15 lambda of 10 per cent scetic acid in absolute aleohol
were required for neutraliszation. It was found also that aumt
variations were decreased with the lesser amounts and concentration
of potassium hydmide.

The possibility that the use of alcoholic mther than agueous
acetic acid for neutralisation might have been a factor in the per cent
recoveries was investigated. Determinations of the total cholesterol
concentration of a sample of rat serum were made using the micro-adap-
tation to cempare the effects of neutralizing with alecoholie mﬁ with
aqueous acetic acid following saponification with varying amounts and
concentrations of potassium hydroxide. Upon neutralization with alco=-
holiec 10 per cent acetic acid following saponification with 10 lambda



TABLE 1

Total Cholesterol Recoveries with Decreasing
Amounts and Concentrations of KOE Used for Ssponification

Substrate KOR Amount Cholesterol Concentration Recovery

Concentration Theoretical Determined
g - » mg/100 ml  mg/100 ml %
Cholesterol 33 10 100.0 7.k 7.4
(Eastman) 33 10 100.0 72.0 72.0
in Acetone- ;
Ethanol 33 705 100.0 8&:7 8‘307
33 5 100.0 92.0 . 92,0
33 5 100.0 9h.1 9h.1
16.5 5 100.0 101.3 101.3
16.5 5 100.0 97.3 97.3
16.5 5 100.0 100.6 100,6
16.5 5 100.0 99.0 99.0
16.5 5 100.0 100.0  100.0
8.25 5 100.0 98.0 98.0
Acetate (Zast-
tone-Ethanol 16.5 1 90.2 86.5 . 95,9
Serum I 33 7.5 127.3
33 s Uh.b
33 5 149.7
33 5 142.8
16.5 s 157.6
Cholesterecl
Acetate 8.2% 5 2l,7.8 245.0 98.9




of 33 per cent, 5 lambda of 33 per cent and § lambda of 16.5 per cent
potassium hydroxide, the values obtained for total cholesterol for that
serum sample were 77.8, 96,6 and 112.5 mg per 100 ml, respectively;
upon neutralization with agqueous 10 per cent acetic acid following
saponification with the same amounts and concentrations of potassium
hydréxido the values obtained for the total cholesterol for the serum
were 106,8, 105.1 and 110.6 mg per 100 ml. When this same sample was
analyzed for total cholesterol by the Sperry and Webb procedure a value
of 111,6 mg per 100 ml was obtained. A difference in resactions is

spparent; the explanation for this difference has not been discovered,

Effect of Acidity in the Free Cholesterol Determinations

In the determination of free cholesterol in the Utah method, 5
lambda of aqueous 10 per cent acetic acid was added to the aliquots of
acetone-ethanol extract prior to the addition of digitonin for the pre-
cipitation of the free chélestorol. This addition of acid was designed
to yleld comparable degrees of acidity for the total and free choles-
terol determinations. In the free cholesterol determinations the cho=-
lesterol digitonide precipitates had a tendency to be flocculent; pack-
ing of the precipitate by centrifigation was particularly difficﬁlt
following the second ether wash, It was found that omission of the
addition of acetic acid it this stage reduced the flocculence and made
it much easier to wash the free cholestercl precipitates. An addition
of an intermediate amount of acid, approximately 2 lambda, was found

to give the most consistent values among aliquots.
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This modification was not introduced until after the original
analyses for the serum samples of the four women subjects in this study
had been completed. It was used in repeat analyses on some of the

serum samples,

Use of a Reagent Blank

- The development of a greenish-blue tint in sample tubes as com=
pared to a true blue tint in standard tubes in the Liebermann-Burchard
reaction indicated the need for analysis of a reagent blank. Tubes
containing aliquots of acetone-ethanol were identical to sample tubes
throughout the entire procedure. In 63 series of determinationms,
reagent blanks exhibited variations in density readings of 0,002 to
0,010 with an average reading of 0,004, which is equivalent to approx-
imt#ly 3.7 mg cholesterol per 100 ml of serum. This reading was
determined to be caused partially by the digitonin since acetonew
gthanol aliquqts analyzed without the addition of digitonin had den-
sity readings of only 0.001 to 0.,002.

Density readings for the serum samples were corrected using the
average of the appropriate reagent blanks, three of which were included
with each series of total cholesterol determinations and three which
were included with each series of free cholesterol determinations.

The blank employed in the Sperry and Webb method, consisting of
glacial acetic acid and the Liebermann-Burchard reagent only, was the
blank originally designated for the method. This blank had a density
reading of 0,000 against glacial acetic acid in the reference cuvette.



METHOD

Reagents
The reagents used were identical to those of Sperry and Webb
(48, p.100) except for the modifications introduced for preparation of
the 10 per cent acetic acid and the potassium hydroxide, which have
been discussed,
1. Solvents: Acetone-absolute ethanol (1:1); acetone-ether (1:2).
Tther, tested peroxide-free. Acetone and ethanol, redistilled.
2, Digitonin solution, 0.5 per cent in 50 per cent alechol.
500 mg of digitonin made up to 100 ml with 50 per cent alcohol
(55 ml of 95 per cent alcohol and 45 ml of redistilled water).
3. Potassium hydroxide solution, 16.5 per cent.
S grams of pure potassium hydroxide was dissolved in 10 ml of
freshly boiled redistilled water. 3 ml of 33 per cent potassium
hydroxide solution was mixed with 3 ml of freshly boiled redis-
tilled water, This solution was made every two weeks.
lie Phenolphthalein solution, 1 per cent in alcohol.
0.3 gm of phenolphthalein was dissolved in 30 ml of 95 per cent
ethyl alecohol. |
5. Acetie acid solution, 10 per cent in alcohol.
10 ml of glacial acetic acid was made up to 100 ml with absolute
alcohol.
6. Acetic acid, glacial (A.C.S.).
7. Acetic anydride (A.C.S.).
Refrigerated after opening.
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8. Sulfurie acid, concentrated, C.P.

9. Stock standard solution of cholesterol in glacisl acetic acid,
100 mg/100 ml.
100.0 mg cholesterol (Fastman) made up to 100 ml with glacial
acetie acid.

10. Working standard solution of cholesterol, 10 mg/100 ml.
-1 ml of stock standard solution of cholesterol made up to 10 ml
with glacial acetiec acid.

Procedure

With a constriction pipette 4O lambda of blood serum was deliv-
ered into a 1 ml volumetric flask containing O.4 ml of acetone-ethanol
(1:1), while the flask was held against the rotating bar of a mechani-
cal agitator (referred to as the buzzer) to set the solvent swirling.
The flask was buzzed again; the solvent was brought to a boil by plac-
ing the flask in a boiling water bath for 6 seconds, Cooled immedi-
ately to room temperature, the contents of the flask were made up to
1 ml volume with acetone-ethanol. The flask was stoppered and buzzed.
Following 30 minutes of refrigerated? centrifugation (0°C.) at 2800
rpm, the precipitate was packed sufficiently to allow aliquots to be

removed direectly from the flask.

Precipitation of Free Cholesterol. Duplicate 200 lambda aliquots of
each extraction filtrate were pipetted into 6 x 50 mm test tubes,
Five lambda of alcoholiec 10 per cent acetic acid and 100 lambda of

2 International Portable Refrigerated Centrifuge, Model PR-2, Inter-
national Equipment Company, Boston, Massachusetts.
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digitonin were added to all tubes. (Reduction of acetic acid is recom-
mengled as per discussion on page 9). After buzzing, the tubes were

covered with rubber caps and placed in a preserving jar containing 1%
inches of sand to support the tubes. This jar, tightly covered, was

allowed to stand over-night at room temperature.

Washing of Precipitate. The next day the rubber caps were removed,
each tube was vigorously tapped to free any precipitate clinging to the
sides and the tubes were centrifuged at 2800 rpm for 30 minutes in the
refrigerated centrifuge., The supernatant was drawn off as close to the
precipitate as possible without disturbing the packed precipitate. The
use of a magnifying lens3 with light attached and the use of a fine
tipped transfer pipette connected to very slow suction facilitated this
transfer. The walls of the tubes were washed with 200 lambda of
freshly made acetone-ether (1:2) using a 2 ml syringe pipette adjusted
for delivery; a needle was attached for direct force. The tubes were
buzzed and then centrifuged for 30 minutes; the supernatant was |
removed as above.

The precipitate was treated twice more in the same manner using
an ether wash., Then the precipitate was dried by placing the tubes in
warm water for the removal of all remaining ether. The dried sample

could be stored several days at this stage.

Precipitation of Total Cholesterol. Triplicate 100 lambda aliquots of

3 Bausch and Lomb magnifying lens with light, American Optical
Company, Buffalo, New York.
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each extraction filtrate were pipetted into 6 x 50 mm tubes, After the
addition of 5 lambda of 16.5 per cent potassium hydroxide, the tubes
were carefully buzzed until the potassium hydroxide was finely
dispersed, Capped tubes were placed in a 40°C, water bath for 30
minutes, After the tubes were removed from the water bath and cooled -
to room temperature, 120 lambda of acetone-ethanol (1:1) was added to
compensate for evaporation and to bring the total volume to 200 lambda,

Using S lambda of phenolphthalein as an end point indicator,
approximately 15 lambda of alcoholic 10 per cent acetic acid was noqdod
to bring the contents just to excess acidity. Fifteen lambda of alco-
holie 10 per cent acetic acid was added; complete disappearance of the
indicator color was checked after vigorous buzzing:, If slight color
remained, an additional 5 lambda of acid was added to insure excess
acidity. Following the addition of 100 lambda of digitonin solution,
the tubes were buzzed, capped, and stored over-night at room tempera-
ture,

The next day the samples were treated as described for free
cholesterol determinations except that the precipitate was washed with

ether once only.

Drying of Cholesterol-Digitonide. Sample tubes were placed in order in

a rack in a shallow pan of preheated sand. The tube contents were
dried for 30 minutes in sand kept at 110° - 115°C. An oven was used

to maintain constant temperature,

Color Development. The pan containing sample tubes was removed from

the oven and to each sample tube removed in turn from the sand, 50
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lambda of. glacial acetic acid was added while the tube was rotated
allowing the acid to wash down the walls of the tube. The tube was
tepped to mix and replaced in the hot sand for approximately 30 seconds
while acid was added to three more tubes; these tubes were placed in
sand in turn, The tubes were removed three at a time to a rack at room
© temperature. This procedure was continued until all tubes had been
similarly treated. The reagent blank was handled in the same manner,
Triplicate aliquots of 50 lambda of working standard, which contained
5 gamma of cholesterol, were placed at the beginning and at the end of
the sample tubes. The Liebermann-Burchard reagent, acetic anhydride
and concentrated sulfuric acid (20:1), was prepared and held in an ice
bath; the solution was agitated as the acid was added drop by drop to
the ice-cold acetic anhydride. The Liebermann-Burchard reagent was
allowed to develop 10 minutes. One hundred lambda of the Liebermann-
Burchard reagent was added to each tubej the color reagent was added to
3 tubes every three minutes. The samples were buszzed, placed in a
289C, water bath in a dark cabinet and allowed to develop for 32 min-
utes. Triplicate aliquots were transferred to the microcuvettes by
pipette. Their densities were read at 635 mn (slit width 0.5, without
filter) in the spectrophotometerlt against a blank of glacial acetic
acid. Solutions were drawn out of the cuvettes with suetion
facilitated by the use of polyethylene tubing of fine diameter; the

I Beckman Spectrophotometer, Model DU, Beckman Instruments, Inec.,
Fullerton, California. Equipped with micro attachment, Pyrocell
Manufacturing Company, 207 East 84th Street, New York, New York.
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cuvettes were not washed between readings.

Recommended use of the Liebermann-Burchard reagent for addition
to sample tubes was limited to a thirty minute period. Hence the
number of sample tubes which could be determined in a single series

was limited.

Calculations

mg cholesterol per 100 ml serum =

Dg - Dg
= x mg cholesterol in Std. x 100
Std Volume of serum in aliquot
where: Dg = density of the serum aliquot
D = density of the blank

Dgiq = density of the standard

RELIABILITY OF METHOD

The basic merit of the modified micro-adaptation of the Sperry
and Webb method for total cholesterol has been indicated by the

recovery data previously presented in table 1,
The reliability of the method was further tested throug the

analysis of an alcohol extract of rat serum sent from the University
of California’® and by repeated determinations on a control serum sample
over a 6 month period. The rat serum, analyzed in the California
laboratory by the Sperry and Webb method, was reported to contain

5 Appreciation is expressed to Mrs, Marian Lyman and Dr. Ruth Okey
for preparing the referee sample.
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115 mg cholesterol per 100 ml of serum. The rat serum was analyzed in
this laboratory by the Sperry and Webb method to contain 111.6 mg
cholesterol per 100 ml. By analyses with the modified miero procedure
an aviarage concentration of 111.6 mg cholesterol per 100 ml of serum
was found; the range was 107.5 to 120,0 mg per 100 ml of serum. '
‘During the period when serum samples of the four subjects in this
study were being analyzed for free and total cholesterol, analyses of
control serum samples were made concurrently with each series,
Although it was planned to use one control serum throughout the anal-
yses, it became necessary after seven series to obtain a new control
serum. -The control serum samples were divided into 100 lambda aliquots
and held in frozen storage. The total and free cholesterol concentra-
tions determined for the control serum samples in consecutive analyses
of duplicate extractions are tabulated in table 2.

In the first control sample the mean of seven duplicate extrac-
tions was 170.3 mg total cholestercl per 100 ml of serum with a range
of 161.2 to 182.9 mg per 100 ml. The standard deviation was calculated
to be 7.7 and the standard error of the mean, 3.0 mg. For the second
control serum the mean of fifty-six extractions was 359.5 mg total
cholesterol per 100 ml serum with a range of 309.5 to L400.2 mg per 100
ml, The standard deviation for the total cholesterol data was 19.4
and the standard error of the mean, 2.6 mg. Determinations of free
cholesterol in the second control serum averaged 91.5 mg cholesterol
per 100 ml serum with a range of 80.0 to 100.7 mg per 100 ml. The
standard deviation for the free cholesterol data was 4.3 and the



TABLE 2
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Consecutive Cholesterol Concentrations Determined in Duplicate
Extractions of Control Serum Samples

Cholesterol Conecentrations

Total Free
1st 2nd 1st , 2nd
Serum Extraction Extraction Extraction Extraction
mg/100 ml  mg/100 ml mg/100 ml  mg/100 ml
Control I 175.0
176.0
161.9
163.2
166.4
166.6
182.9
Control II o e o —— 89.2 88.3
352.9 351.3 97.4 e
3760h MR S 80-0 8909
352.9 365.9 98.1 91.5
315.8 336.1 96.9 9L.9
309.5 329.9 81.5 82.2
322.6 3h2.0 92.0 97.1
3L3.6 330.2 96.1 93.1
334.2 356.9 95.0 93.1
400.2 386.8 93.0 92.h
372.1 3715.7 89.2 9.0
366.6 357.6 85.4 92.8
370.1 387.7 93.6 88.3
363.3 376.7 81.8 89.0
379.7 387.1 91.2 85.9
399.7 375.0 90.9 79.2
360.7 356.7 87.8 84.5
358.9 348.0 88.2 88.4
366.4 366.7 9k.1 94.8
353.9 357.5 e ——
352.6 358.5 ——— ——
362.4 271.1 91.8 9.1
345.1 325.4 91.6 93.9
364.6 3L3.1 80.9 92.7
363!0 AR 9307 100-7
3l1.5 376.4 92.1 100.1
368. 376.7 99.3 9.7
371.5 380.1 97.9 93.4
361.9 367.4 —— ———
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TABLE 2 (continued)

Cholesterol Concentrations

Totﬁ} Free
' 1st 2nd 1st 2nd _
Serum Extraction Extraction Extraction Extraction
Total Free -
mg/100 ml i mg/100 ml
Control I1: ‘
Mean 170.3
Range 161.2-182.9
Standsrd
Deviation 7.7
Standard FError
of Mean 3.0
Control II: A
Mean 359.5 91.5
Range 309.5-400.2 80.0-100.7
Standard
Deviation 19.4 k.3
Standard Error
of Mean 2.6 0.6

s

sttt i AL 1A A £ R AT
e e

1 Standard Deviation :;/ QZ ;( x-;zz
N-1

2 Standard Error of Mean = Standard Deviation

v,
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standard error of the mean, 0.6 mg. The standard deviations calculated
as per cents of the mean total cholesterol concentrations for both
control serums are similar: 5,3 and 5.4 per cent for control serum I
and control serum II, respectively. The standard deviation of the

free cholesterol of contrel serum II was 5.0 per cent of the mean
value. However, the extremes of the range of determined total choles-
terol concentrations were much greater proportionally for control

serum II than control serum I.

Sperry and Webb (48, p.99) have demonstrated that errors of
method can be reduced to as small an amount as that represented bj
standard deviations of 0,77 and 1.81 mg per 100 ml serum for free and
total cholesterol, respectively.

Typical ranges of determinations for total cholesterol coneentra-
tions on replicate aliquots, varying in number, of serum samples
reported by Sperry (L6, p.387) were: 162.3 to 168.L, 192.0 to 213.3
and 199.8 to 207.1 mg per 100 ml of serum. Ranges of determinations
for free cholesterol on replicates of the same serum samples, in mg
per 100 ml serum, were: 50.0 to 53.9, 57.9 to 61.0 and 57.0 to 63.6.
Sperry and Brand (L7, p.317) reported similar ranges of total choles-
terol with eight replications in mg per 100 ml of serum as follows:
228 to 23k, 230 to 23k, 226 to 235 and 229 to 2L42; typical ranges of
four replications were, similarly; 213 to 226,’ 183 to 185, 240 to 256,
and 216 to 221.

The range of replicate determinations on the control serums by

this micromethod are somewhat greater than the replicate determinations
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by macromethods which have been cited. The ranges of control serum II
are particularly wide, although two-thirds of the values are within
10 per cent of the mean value.

Cholesterol determinations are subject to error through varia-
tions of reagents as well as technique. Schoenheimer and Dam (L2, '
P.59-63) have stated that the usual digitonin method is susceptible to
an error up to 10 per cent. This error could be the result of an
accumulation of errors in any one series of determinations., Schoen-
heimer and Dam referred specifically to the quality of digitonin which
will affect the completeness of the cholesterol-digitonide union and
to the absorption of cholesterol by alcohol. Errors may also follow
from poor techniques such as inaccurate pipetting, excess acidifica=-
tion, or careless washing of the precipitate. The Liebermann-Burchard
color reaction, sensitive to light, time, temperature and moisture, has
stipulations for satisfactory results which must be followed consis-
tently. Pipetting organic solvents is difficult and changes in envi-
ronmental temperature affect concentrations. The cholesterol standard
in glacial acetic acid and the accuracy of measurement will influence
an entire series as the density reading of the standard is used in all
calculations. Excessive acidity or alkelinity in the sample tubes
treated and stored over-night with digitonin will reduce the choles-
terol-digitonide yield. Another loss of cholesterol may occur during
the repeated washings with solvents through the loss of precipitate

when the filtrate is removed by slow suction.
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THE EFFECT OF FREEZING UPON SERUM SAMPLES

The current analysis for free and total cholesterocl of the daily
serum samples from the subjeects was not possible and the serum was
stored in 6 x 50 mm capped tubes at =5°C. for four to seven months.
Therefore the effect of freezing upon serum samples was investigated.

Aliquots of a serum.sampldiwore analyzed both fresh and after
being held at -5°C. No change in the total cholesterocl content between
fresh or frozen samples was apparent. The mean total cholesterol con-
centrations per 100 ml of serum determined at various times were as
follows: fresh serum, 189.L mg; froseﬁ four days, 190.L mg; frozen one
week, 185.6 mg; frozen one month, 197.0 mg; frozen two months, 185.5
mg; frozen five months, 182.9 mg. Butler, et al. (5, p.,470) have re-
cently reported no effect of freezing or thawing on the total and free
ehplesteral concentration of serum stored up to 22 weeks.

Further evidence of cholesterol stability in frozen serum samples
was observed in the control serum samples which were stored up to six
months. No trend to increase or decrease in concentrationsof free or

total cholesterol occurred, table 2.
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SERUM CHOLESTEROL CONCENTRATIONS OF FOUR WOMEN ON A CONTROLLED DIET

REVIEW OF FACTORS INFLUENCING SERUM CHOLESTEROL CONCENTRATIONS
IN WOMEN
The number of factors which have been implicated, through animal

and human studies, as influencing blood cholesterol concentration is
extensive. These have been reviewed by Deuel (7, p.395-486) and in-
clude: age, sex, species, race, heredity, environment, ingestion of
fat, ingestion of cholesterol, quantity and quality of protein intake,
essential fatty acid intake, vitamin deficiencies, disturbances of the
endocrine glands, diabetes mellitus, diseases of the thyroid gland,
anemia, diseases of the gastrointestinal tract, hepatic and kidney
diseases, arteriosclerosis, ingestion of certain drugs, pregnancy,
lactation and menstruation. Because of the higher incidence of athero-
sclerosis in the male, the greater proportion of studies of factors
influencing serum cholesterol concentrations in humans have been on
men; only limited data have been published on women. The influence of
age, weight, diet composition, hormonal regulation and ecyclic fluctua=
tions on serum cholesterol concentrations have been observed in studies

on women,

Influence of Age

Increased serum cholesterol concentrations with increasing age
have been reported in survey studies on women, but evidence of this
influence of increasing age was less pronounced when smaller groups of

women were studied before and after a span of years. Butler, et al.
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(5, pek69-478), Garcia, et al. (9, pe601-609), Gram and Leverton (1k,
pe38L), and Swanson, et al. (51, p.Ll-U7) surveyed groups of women,
predominantly homemakers, living in the Midwest. Gillum, et al. (12,
polili9<h67) surveyed men and women over 50 years of age who lived at
home in California, Serum total cholesterol concentrations of women

surveyed in these studies are summarized in table 3.
TABLE 3

Mean Serum Total Cholesterol Concentrations of Women
at Various Ages

Survey Study
Butler, Garecia, Gillum, Swanson, Gram. and
et al. et al. et al. et al. Leverton
hge (5, p.hT1)  (9,pe608) (12, p.L51) (SI, polb)  (1h, pe38L)
Years No. m No. mg/ No. mg/ No. mg/ No. mg/
100 ml 100 ml 100 ml 100 ml 100 ml
30 6 207
30-39 36 211 10 246 10 176 20 200
Lho=h9 29 250 12 23 16 190 28 207

50-59 13 293 13 284 105 262 13 219 32 250
60-69 20 302 10 320 11 278 6 250 20 257
70-79 9 239 10 285 65 265 8 251
80-89 3 2715 12 236 1 15k

A gradual trend upward in serum cholesterol conecentrations continued
until a maximum peak was reached in the seventh decade. This peak was

followed by a reduction in serum cholesterol concentrations through
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the eighth and ninth decades.

On the other hand, when Sperry and Webb (49, p.1l07-110) compared
serum cholesterol concentrations of 1l men and 9 women with values
determined 13 to 15 years before, it was found that serum cholesterol
concentrations had not increased with age in all subjects. A mean
22,7 per cent increase had occured in the women subjects; one woman had
no appreciable change, while six women had increases within the range
of 15 to 30 per cent. The authors indicate, however, that part of the
apparent increase may have been influenced by changes made in the
analytical procedure between the two periods. In another study Man
(24, pe738-7hL) remeasured the serum of 7 men and 9 women after an
interval of 10 to 20 years. A tendency toward a rise in cholesterol
concentrations was more frequent than a fall but "not significantly
preponderant to warrant the deduction that it is a characteristic of

the aging process®.
Influence of Weight and Diet Composition

Relative Body Weight. A general inference that obesity implies high

serum cholesterol concentrations is found frequently in the literature,
e.g. (11, p.1259), (22, p.415). However, the association of serum
cholesterol concentration with relative body weight in women has been
limited. Butler and associates (5, p.47h) reported that only L per
cent of the variation in serum cholesterol concentration of their 113
subjects was related to relative body weight when the data were treated

statistically. Negligible correlations between body weight and serum



cholesterol values for women were reported by Gillum, et al. (12,
p.U463) and Swanson, et al. (51, p.h6é). Similarily, after extensive
surveys on men, Keys and co-workers (18, p.335) could find no impor-
tant relationship between serum cholesterol concentration and relative

obesity as measured by weight and skin folds.

Changes in Body Weight. Effects of changes in body weight on serum
cholesterol concentrations have been reported, but primarily on men.
Most studies, however, are complicated bsr changes in diet pattern;
further, some of the subjects used in such studies have been suspected
or diagnosed atherosclerotic patients. Keys, et al. (19, p.39-56)
observed that serum cholesterol was decreased in severe calorie under-
nutrition at all ages but was high in starvation. Keys further
reported increased serum cholesterol concentrations that were not
dependent on fat intake in active weight gain in men. In 1955 Mann
(25, pehili2) reported the effect of changes in cslorie disposition on
serum cholesterocl in three healthy men on constant high levels of fat
intake, 150 to 175 gm daily. It was found that doubling the calorie
intake had no effect on serum cholesterol concentrations when the
excess calories were used for exercise. When exercise was restricted
and weight gain occurred, there was a significant increase of serum
cholesterol levels. Subseguent weight reduction by calerie restriction
resulted in the prompt return of cholesterol levels to their original
concentrations. No similar studies have been reported for women.
Serum cholesterol concentrations were reported by Walker (5k,

pP.705=716) for eleven women and twenty-eight men following weight
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reduction on a 1000 calorie diet containing only 20 gm of fat, Marked
individual variations in changes of serum cholesterol concentrations
occurred and no relation of degree of change of serum cholestercl con-
centration to amount of weight loss was found. Subjects, whose initial
serum concentration of lipoproteins of the S, 12-20% class were high,
experienced the greatest changes in cholesterol concentrations, a mean
loss of 4O mg cholesterol per 100 ml of serum, It was noted further
that lowering of serum lipid components generally was accomplished
early in the weight-losing phase.

Fat Intakes. Pomeranze, et al. (39, pe742-746) reported the effect on
total cholesterol concentrations of fat levels of 20 gm, 60 gm and 60
gm or more, with or without caloric restriction, on five groups of
normal, geriatric and obese men and women; 27 men and 10 women were
studied for periods of five to fifty weeks. Weight reduction without
fat restriction appeared to exert no influence on serum cholesterol
concentrations in these subjects, but with fat restriction alone and
no evidence of weight loss, hypercholesterolemias when present were
reduced.

Other reports of effects of prolonged and severe fat restric-
tion have been similar. The effect of controlled eucaloric diet
intakes on three men for 3 to 8 month periods supported this influence

of drastic fat restriction; drastic fat restrictions reduced serum

6 A Svedberg unit (8) equals 10™“em/sec/dyne/g. Compounds described
as Sp 12 to 20 are those which have flotation rates consistent with
12 to 20 S units.
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cholesterol concentrations while moderate fat restrictions exerted

no effect (16, p.6h1-6L46). Morrison, et al. (31, p.u76) and Swank
and Wilmot (50, pe33) spplied fat restriction therapeutically and
placed patients on diets low in fat. They have reported that adher-
ence to a low fat intake over an extended period maintained the plasma
cholesterol at a lowered concentration in both men and women.

Conversely, when fat in the diet has been increased appreciably,
a rise in serum cholesterol has resulted (27, p.316=-322). An increase
of fat from 10 per cent to 3L to 46 per cent of the calories in the
diet through the addition of vegetsble fat resulted in a significant
increase of plasma cholesterol in 5 male st_tbjects. A substitution of
animal fat did not further increase the plasma cholesterol concentra-
tions,

Although controversial data exist relative _to effects of animal
versus vegetsble fat, the "plasma-lipid-raising-potentials" of fats in
man have been shown to be similar when regular mixed diets were employ-
ed rather than simplified formula diets (3, pe311-320; 17, pe80).
Recent animal studies suggest that an understanding of the metabolic
roles of essential unsaturated fatty acids may be the key to the
elucidation of the role of dietary fats | in influencing serum cholester-

ol concentrations (28, p.LOl; 52, pel26; 1, p.185).

Other Diet Components, The influence on serum cholesterol concentra-

tions of other diet components in addition to fat has been reported.
A comparison of adult vegetarians and non-vegetarians showed a

lower mean serum cholesterol for the vegetarians (15, p.87). Hardinge
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and Stare reported a mean cholesterol concentration of 206 mg per 100
ml for the 11 women and for the 1L men who were pure vegetarians. For
the 15 women on lacto-ovo-vegetarian diets a mean of 269 mg per 100 ml
was reported and for the 15 men, a mean of 243 mg per 100 ml. The
mean serum cholesterol concentration for 15 women following non-vege-
tarian diets was 295 and for the men 288 mg per 100 ml. Findings on
6 men who had followed a low fat, lacto-ovo-vegetarisn diet for 1l to
22 years were similar to those on men who consumed meat and unlimited
fats (30, ps,246-251); blood cholesterol concentrations ranged from
190 to 235 mg per 100 ml.

No demonstrable relationship between the caleculated amounts of
carbohydrate, fat, protein or cholesterol in the diet and the level of
total blood cholesterol were found by Reimer, et al. (L1, p.842-84k)
studying a kindred group in which essential familial hypercholesteremia
was present. Similarly, weekly protein and fat intakes of a group of
18k Midwestern women showed no correlation to concentrations of total
serum cholesterol (51, p.46). Gillum and coworkers (12, p.hl9=-467),
on the other hand, reported a significant positive effect on serum
cholesterol concentrations of dietary cholesterol and fat and a slight
effect of dietary protein among the 296 women and 234 men of their

survey study.

Cholesterol. Dwindling emphasis on the amount of dietary cholesterol
as an influence on serum cholesterol concentrations has resulted from
survey and controlled experimental data reported by Keys, et al. (17,
Pe79-8l)s Keys and co-workers have concluded from their studies that,
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"Serum cholesterol comcentrations in adult men are essentially indepen-
dent of cholesterol intakes over the whole range of natural human
diets". They state, "It is probable that infants, children and women
are similar® (19, pe5Sh).

However, excessive cholesterol additions to the diet can produce
slight but transient increases in serum cholesterol. A slight increase
was observed in the mean serum cholesterol values when four egg yolks
were fed daily to L women for a five week period (36, p.717-727). On a
ong day special diet of 20 eggs, a male subject erhibited an increase
in serum cholesterol concentration (6, p.225«234); however, serum
analyses on the next day and the fourth day showed a return to the
former cholesterol level. The majority of 2L subjects fed 100 or 150
gm of egg yolk powder containing 2,50 to 3.75 gm cholesterol in addi-
tion to their regular diet each day for 48 days or more exhibited
increases in their serum cholesterol values (29, p.189-195). These
drastic measures would not seem comparable, however, with the estimated

usual cholesterol intakes of 250 to 800 mg per day (17, pe79).

Ascorbic Acid. Gillum and co-workers (12, p.L6é7) reported a slight

parallelism between serum ascorbic acid and serum cholesterol concen-
trations among their women subjects; no such relationship was found
among the men. All of the subjects of the study were fifty years or
older. Recently Walker and co-workers (53, p.517-525) have reported a
difference in serum chiolesterol response to increasing aseorbic acid
intekes between a younger and an older age group of women. Twenty-

nine mentally retardsd women served as subjects; fifteen subjects
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ranged in age from 28 to 3L years and fourteen were 56 to 77 years of
age. Increasing ascorbic acid intakes resulted in elevated serum
ascorbic acid concentrations in both groups. The rise in serum ascor-
bic acid concentrations was accompanied by a rise in mean serum choles-
terol concentration from 219 & 97 to 238 & 10 mg per 100 ml among the
older group; no significant change in serum cholesterol concentrations
occurred in the younger group. Gillum, et al. (12, p.L5h) have sug-
gested that the higher serum cholesterol concentrations generally found
in older women might be influenced by the accompanying decrease in
steroid hormone production with aging., Walker, et al. (53, p.523) con-
cluded that this same mechanism might explain the difference in serum
cholesterols among their two groups in response to increased intakes of

ascorbic acid.

Hormonal Regulation and Cyclie Fluctuations

The triangular relationship existing among adrenocortical hor-
mones, ascorbic acid and cholesterol metabolism (L, p.377) is but one
hormonal influence in lipid metabolism. The hormones produced by the
thyroid gland, by the islet tissue of the pancreas, by the posterior
and anterior portions of the pituitary, by the adrenal cortex and by
the sex glands all influence lipid metabolism and the activity of any
one endocrine gland affects the behavior of the other glands (7,
p.L36. Hormonal secretions from the thyroid gland and the islet tis-

sue of the pancreas have the most potent effect on blood lipids,

7 Standard deviation
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particularly cholesterol. Excessive secretions of thyroid hormone
cause a marked reduction in bleod cholesterol concentrations while
hypothyroidism increases cholesterol considerably above normal levels
(7, p.436). Removal of the pancreas will precipitate hyperlipemia
and hypercholesteremia in experimental animals (7, p.khh). Diabetes
in humans is usually accompenied by high blood lipid levels.

Deuel (7, pesl06) reported a general agreement among investiga-
tors that the cholesterol of blood increases markedly during early
pregnancy. The maximum values are 50 to 100 per cent higher than the
normal. The increase in cholesterol begins after the second month and
continues rising until the thirtieth week after which it decreases
until delivery. As lactation begins the mother has a high level of
blood lipids and the child has a low level. This difference is
Mwated as lactation proceeds and the mother's blood 1lipids are
lowered and the child's lipids are raised (7, peL09).

Two hormones, estrons and progesterone, secreted by the ovaries
and products of the female sex cycle have been associated with the
decrease of esterified cholesterol at the onset of menstruation and
time of ovulation (37, p.217-222%. Okey and Boyden (35, p.261-281)
also reported a decrease in plasma cholesterol within a few days of
menstruation followed by an increase. Offenkrantz (32, pe536-546)
reported similar findings. Man and Gildea (23, p.777) and Wagner and
Poindexter (55, pe.335), however, could find no influence of menses on

serum cholesterol concentrations in their subjects.
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Cyclic fluctuations of serum cholesterol, while frequently
associated with the menstrual cycle, also have been reported in studies
on serum cholesterol concentrations for both men and women by Man and
Gildea (23, p.776), Watkin, et al. (56, p.880) and Sperry (LS, pe393).
Man and Gildea concluded that the variations of serum cholesterol were
as great in men as in women during the ome to four year period they
studied their subjects. Sperry found the average standard deviation
in an individual, when 2 to 10 determinations on 25 subjects were
carried out over a period of months, was 12.1 mg cholesterol per 100
ml blood serum. Watkin, et al. (56, p.777) reported no definite in-
fluence of seasonal pattern, relative body weight, food, or menses
on cholesterol concentrations which they observed in 6 women and L

men subjects.



3k
EXPERIMFNTAL PROCEDURE

Subjects
Serum cholesterol concentrations were determined for four women
subjects who were on a weighed constant diet for 30 days. The sub-
jeets were of apparent normal health and were all on the staff of the
Nutrition Research Laboratory, Oregon State College.
. Data on age, height, and weight of the experimental subjects
are tabulated in table L.

TABLE 4

Age, Height, and Weight of the Subjects

Subject Age Height Weight Weight
2-9=56 3-10-56
in ‘ 1b 1b
CAS L9 68% 15k4.6 153.6
FD 23 69 245.6 239
NM L6 66 121 120
AS 28 70 137 136
Diet

The constant weighed diet, a modification of that of Gifft and
Hauck (10, p«637), contained approximately 2000 calories of which 12
per cent was protein, L6 per cent was carbohydrate, and L2 per cent
was fat. The calorie, protein, fat, carbohydrate, and cholesterol

contents of the diet are tabulated in table 5. The menu was divided
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into these meals:

Breakfast Lunch Dinner
Orange juice American cheese Beef, ground round
Egg String beans Carrots
Cream of wheat Prunes Peaches
Coffee Biscuits Biscuits
Sugar, brown Butter Butter
Milk, evaporated Cookies Cookies
Wheat germ Coffee

A riboflavin supplement of 100 mcg and a thiamine supplement of
500 mecg consumed with breakfast brought the daily intake of these
nutrients to 1.37 mg and 1.09 mg reapoétively. The diet was adequate
to meet the nutritional allowances set up for sedentary women by the
Food and Nutrition Board of the National Research Council.

Blood Samples

Fasting blood was drawn each morning from the finger tip with a
Bard-Parker blade. The whole blood was centrifuged under refrigeration
after allowing an half hour for clotting. Serum was sampled and frozen
in 6 x 50 mm tubes with rubber caps and held at -5°C. until analyzed.

Determination of Free and Total Cholesterol

To assure a uniform initisl sampling of the serum aliquots, the
frozen serum, when removed from cold storage, was incubated at 28°C,
for 30 minutes. FEach serum sample in turn was removed from incubation
for pipetting and buzzed gently to mix without foaming.

Serum free and total cholesterol were determined according to the
micromethod outlined on pages 11 to 16.



TABLE 5

Composition of Dietl

Food Amount Calories Protein Fat Carbo- Choles~

hydrate tcrol

m gn en gn gn

Milk, evaporated 100 139 7.0 749 9.9 M
Carrots, canned 100 30 0.5 0.k 6.1 -
Beef, round, raw wt. 100 177 19.5 11.0 —— 95
Wheat germ é 2L 1.5 0.6 34 -
Prunes, pitted 100 165 1.0 0.2 h3.2 .-
Peaches, canned 100 75 0.4 0.1 18.2 -
Green beans, canned 100 ‘ 22 1.0 0.1 k.2 o
Orange juice, canned 166 80 1.0 0.3 18.4 -
Cream of Wheat,drywt. 30 108 3.3 0.2 23,2 =
Egg, E.P. Sh 96 7.8 7.0 - 383
Cheese, American 30 120 7.5 9.7 0.6 L8
Butter 30 220 0.2 2.k — 8k
Sugar, brown 10 k0 .- m—e 10,0 ==
Biscuits’ 10 332 6.0 156 k2.0 -
Cookiesy? brown sugar 96 430 4.8  18.6 60.8 128
Total 2058 61.5 96.1 239.7 782

1. Values were caleulated from Watt and Merrill (57).
2. Values were calculated from Okey (33, p.3L2).
3. Values were calculated from ingredients.
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Under the conditions of this procedure it was possible for one
worker to determine the free and total cholesterocl concentrations of
duplicate extractions of serum for L subjects and 1 control serum same
ple in a single series. From each duplicate extraction, three aliquots
were pipetted for total cholesterol and two aliquots for free cholesw
terol making a total of 50 sample tubes in a series., Six additional
tubes were necessary for the reagent blanks, After the final washing
of digitonin precipitates in the procedure, the sample tubes were sep=-
arated and snalyses of total cholesterol were completed, The free cho-
lesterol sample tubes were stored together with 3 tubes of the reagent
blanks, As soon as time permitted, the remaining analyses were come
pleted.

Analyses were repeated until duplicate extractions for total
cholesterol concentrations were within a maximum difference of 5 per
cent and for free cholesterol concentrations within a maximum differe
ence of 10 per cent with a few exceptions. More than duplicate ex~
tractions were necessary for 33 of the serum samples before values of
extraction duplicates were within these limits. In a few cases the
results of all extractions were averaged; the range among these values
was sometimes in excess of the 5 per cent or 10 per cent limit, Deter-
minations of free cholesterol for 6 serum samples are not recorded in
table 6; the data have been omitted as the results appeared to be un-
reliable,
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RESULTS AND DISCUSSION

The free and total cholesterol concentrations in the serum of the
four women were determined for thirty days on a controlled diet and are
presented in table 6 and figure 1. During the first portion of this
study, subject NM became ill and was unable to eat her meals on the
eighth and ninth days or to report for blood sampling on the ninth day,
This physical upset may have affected the reliability of the determined
results during this period of time. No data are presented for aubjeét
AS for the fifth day. The mean of duplicate serum extractions, 126.3
mg total cholestercl per 100 ml and 33.2 mg free cholesterol per 100
ml, were within the 5 and 10 per cent limits, respectively, but the
values are questionable. Repeat determinations were indicated for
serum samples of all subjects on this day because of the extremely
low cholesterol concentration, 309.5 mg per 100 ml, determined for the
control serum with this series. Additional serum was not available
to repeat these determinations for subject AS.

The mean total cholesterol concentrations per 100 ml of serum
for these four women, CAS, 145 + 1.48, ¥D, 184.2 & 2.8, WM, 147.6 &

2.2 and AS, 158.0 % 1.7 mg, were low compared with the means of their
respective age groups reported in table 3 but are within reported
ranges. Among the four subjects, FD, who was overweight, had the
highest cholesterol coment.ration‘bnt it was still in the lower range

of the accepted normal. No effect of age on cholesterol concentrations

8 Standard error of mean
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TABLE 6

Daily Serum Total and Free Cholesterol Concentrations
For Four Women on a _Gontrollod Diet

Subjects . CAS FD NM AS

Cholesterol Total Free Total Free Total Free Total Free

Day on diet mg/ mg/ mg/ mg/ ng/ mg/ mg/ mg/
100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml

0 156.5 L43.1  209.5 Sh.1  176.2 k6.1  173.0 k8.9t
1 154.7 L40.5  208.8 50.7 173.h bkh.h  175.5 L5.31
2 142.7 37.1% 209.8. 53.4  162.1 k1.3  170.7 k3.2
3 156.2. 38.3  203.5% L49.h  148.2 36.1  158.1 38.k
N 136. 1 37.7  208.7 1.7 136.2 kOh = ceeved mwead
S 136.7* Lo.1 205.8 L49.9 140.2 39.9  156.21 h1.9
6 4.8 36.9 203.6 50.7  1h1.71 35.81 1h9.7 37.1
7 146.7 L42.3 195.8 51.6  158.6 39.2  1Th.7 Lk.6
8 136.3 38.0 192.5 L48.1  157.3_ 39.9. 159.7 Lo.2
9 1h002 3900 192.2 50-1 "‘"""3 -“'"'3 lh9o3 37.3
10 149.5 42.1  165.1 L8.ot 146.8, 38.k  150.7 k0.2
11 148.4 Lh.0  177.1 U47.1 132.0* 36.8 152.7 39.7
12 125.31 38.6  168.6. L6.91 126.1, 36.4 M 139.42 39.9
13 3.1 k2.1 162.21 Lh.2 M 129.7° 37.5  1L8.21 L2.k
1 143.6 Lo.kl 182.8 b6.3, 12kl 3u.6 153.91 42.0
15 12&7-31 38.9 186.6 i 13209 3&08 150-0 3707
16 141.3* 34.0 178.3 hB.Sl 148.0 39.0 156.7 Lk.S
17 152.5 38.3 173.6 L3.5% 149.h 37.3  163.9 ko.2
18 151.5 40.5  180.6 Lh.7  153.1 L0.7  165.5 L2.1
19 k.0 38k  179.5 k3.3, 150.2, -l 1641 41.2
20 152.0 38.9 175.91 LS.k~ 153.8 37.7. 166.1 LO.7
21 143.6_ 40.9  176.4t ===l 157.3, b1.81 165.2 39.6
22 M 14h4.32 38.8  183.5 L45.8  159.6T k0.9  160.41 L0.2
23 k4.8 37.2 M 168.42 46.0  151.9 k0.1  158.2 39.7
2l 1b4.5 k0.6  149.6 k2.5  147.7 39.9  188.21 39.9
25 140.2 34.3  172.3 48.2  139.h 3h.3  151.2 --e-b
26 138.9 42.3 167.8 U6.9 142.8 Ll.1 146.0 38.9
28 145.1 L40.9 170.7 Lo.S5. 1h2.1 39.h  1kh.7 39.9%
29 133.5 38.31 190.1 L5.7% 147.9 39.51 169.3 k2.2
30 165.3 L4o.h  192.5 50.7 146.6 36.0% 158.1 L0.9
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TABLE 6 (continued)

Subjects CAS FD NM AS

Cholesterol Total Free Total Free Total Free Total Free

mg/ mg/ mg/ mg/ mg/ mg/ mg/ mg/
100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml

Mean 145.1 39.4  184.2 L47.5 -147.6 38.9  158.0 kLl.0

mgQ 125-3" 3&.0" 1’.‘9.6" h0.5- lahoh- 3'403" 1390," 3701‘
165.3 Lh.0  209.5 5L.1  176.2 k6.1 175.5 k8.9

Standard

Deviation 7-7 203 15-5 3oh 12-1 2-7 903 205

Standard

Error of Mean 1.4 0.4 2.8 0.6 2.2 0.5 8, B X 4

1 More than 5% or 10% difference between replicate extractions for
total or free cholesterol, respectively.

2 M: Onset of menstruation. ’

3 Serum not available.

L No checks obtained on duplicates.
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Daily Cholesterol Concentrations of Four Women on Controlled Diet
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was apparent among these subjects; subjects CAS and NM had the lower
mean concentrations of total cholestercl in this group.

Absolute free cholesterol concentrations changed little through-
out the 30 day period. Mean free cholesterol concentrations for the
subjects were: CAS, 39.4 + 0.48, FD, L7.5 § 0.6, WM, 38.9 % 0.5 and
AS, 41.0 ¢ 0.4 mg per 100 ml of serum. The ratios of free to total
cholesterol for each subject were within the acecepted range of 0.2l to
0.30 (Lkh, p.263); the respective mean ratios were: CAS, 0.27, FD,
0.26, NM, 0.26 and AS, 0.26.

The ranges of serum total cholesterol concentration determined
for the thirty day period were: CAS, 125.3 to 165.3; FD, 149.6 to
209.5; NM, 12h.L to 176.2; and AS, 139.k to 175.5 mg per 100 ml, figure-
1. Thea@ ranges, expressed as percentages of their respective means,
are: CAS, 27.6; FD, 32.5; iiM, 35.1; and AS, 22.8 per cent. These
percentages of maximum difference for a month's period are generally
greater than those reported by Man and Gildea (23, p.776) and Sperry
(45, pe393) over longer periods of time. Man reported maximum differ-
ences of 31, 20, 19 and 18 per cent for four men and 24, 19, 13, 9, and
1 per cent for six women from determinations at irregular intervals,
not eiceeding two months, over one to four year periods. Sample ranges
of total cholesterol reported by Sperry were 16.1, 19.6 and 24.6 per
cent of their mean values for three men and 19.4, 12.2 and 18.8 por.
cent, for three women; however, these represented only two or three
samplings over a period of one and one-half years. The somewhat
higher ranges found in this study niay be due to daily sampling giving



a more complete record of variation, the variation pattern of these
particular individuals, or to a wider ﬁathod.variation.

The lowest level of these serum cholesterol ranges was recorded
about the time of menses in subjects FD, NM, and AS, table 6. A low
cholesterol concentration at the onset of menstruation has been report-
ed Okey and Boyden (35, p.261-281), Offenkrantz (32, p.536-546) and
Oliver and Boyd (37, p.217-222). However, lower cholesterol concentra-
tions at menses were not found by Man and Gildea (23, p.777), Sperry
(45, Pe393) and Wagner and Poindexter (55, p.335-339); the infrequency
of subject sampling in these studies may limit the validity of their
observations.

Variations of total serum cholesterol concentrations for the four
subjects were compared to each other and to the controls by calcula-
tions of standard deviations. The calculated standard deviations from
the mean for data of these subjects were as follows: CAS, T+7; FD,
15.55 NM, 12.1; and AS, 9.3 mg per 100 ml. These standard deviations
acre similar to those reported by Wagner and Poindexter (55, p.338) on
19 student nurses whose serum cholesterol was determined L to 6 times
during the course of thirteen months; standard deviations from the
individual means for theirsubjects ranged from 4.9 to 30.0 mg per 100
ml.

The standard deviations from these daily determinations, express-
ed as a per cent of their respective means, would indicate a variation
of cholesterol concentration beyond that due to method variation for

two subjects. The standard deviations for FD and NM were 8.3 and 8.0
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per cent of their means whereas the standard deviations for the control
serums were 5.3 and 5.4 per cent of their respective means. It would
appear that the variations observed for subjects CAS and AS were in-
fluenced largely by method error; their standard deviations were 5.3
and 5.8 per cent of their means, respectively. The maximum per cent
differences for subjects FD and NM, 32.5 and 35.1 per cent, also are
significantly greater than would be expected within limits of errors of
this micromethod. Analyses of the control serum indicated that a range
of approximately 22 per cent (plus and minus two standard deviations
expressed as percentage) of the mean concentration could be expected
from method variation.

For FD and NM there was a reduction of approximately 30 mg total
chelesterol per 100 ml between the inital serum cholesterol concentra-
tions and the final concentrations measured. This change may be a re-
sult of the constant diet with respect to the fat content and/or cal-
orie intake. It is possible that either subject was accustomed to a
higher daily fat intake than the 96 gm the diet provided. However,
to effect a significant reduction of cholestarol concentration in
most persons, an extreme change in fat intake must be inflicted,
Hildreth, et al. (16, p.6L1-646) used a 9 gm fat diet to show a drop
of 47 mg cholesterol per 100 ml serum in 5 days, whereas diets with
fat intaskes similar to the subjects' usual fat intakes causedno change.

Of the four subjects on thisv diet, FD was the only one to show
a change in weight (table L) and this change was only a L per cent
loss. This indication of calorie restriction might explain the
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fluctuation in her total cholestercl concentration. However, the
effect of calorie restriction without fat restriction has been reported
previously as exerting no influence on serum cholesterol concentration
(39, pe7hb). The influence of diet is further discounted by the
reports of subjects on self-selected diets who exhibited cholesterol
variations of 4O to 60 mg per 100 ml of serum (56, p.880) or plasma
(35, pe261) during extended observation periods. The length of this
study was insufficient to show if the lowered cholestercl concentra-
tions of subjects. FD and NM would be maintained by the diet used or
whether their cholesterol concentrations would repeat some similar

pattern in a subsequent period.
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SUMMARY AND CONCLUSIONS

An unpublished micromethod for the determination of free and total
cholesterol, which had been adapted to 4O lambda of serum from the
Sperry and Webb method, was modified and proved to be practical
and reliable.

Analyses of fasting serum samples for free and total cholesterol of
four women on a controlled diet for thirty days showed significant
variations in daily total cholest;erol concentration, for two
subjects bcyond the variations due to method.

The lowest serum total cholesterol concentrations for the thirty
day period occurred about the time of menses in three subjects.
Failure of two subjects to return to their initial higher serum
total cholesterol concentrations may be a result of diet. How-
ever, unknown and unrecognized individual characteristics could

iceount for these trends.
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