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TMTRODUCT ION

Cholesterol has been knovm since the eighteenth century as the
chief constituent of humnn gall stones. It is the characteristic
sterol of higher animals and is present in 211 cells of the animal
organism, in the brain and nerve tissue, the suprarenal glands and in
e yolke.

A possible physiological function for cholesterol in blood was
sucgested by Kelsey (1941) vho believed that blood cholesterol was asso-
ciated with the transport of unsaturated fatty acids. Studies with deu-
terium as a trace element have demonstrnted that cholesterol is converted
by the body tn other biologically active substances, including both bile
salts end hornmon-c. (Schoenheimer, Rittenbers, and Graff 1935).

There is gene—ral agreenent anong several authors that the concen-
tration of cholestercl in tlie blood of any person remeins constant and
is not easily chanzed by dive 'se physiological corditions (Xirk, Page,
Lewis, Thompson, Van Slyke 1935, Srerry 1236, Offenirentz 19%83), Any
change in the eoncentration of blood chol~sterol, therefore, would be
expected to result orly from a disturb .nce of some metzbolic funetion.

The relationsiip of blood cholestercl to diseased conditicns has
been the subj:zct of both cliniczl and exyerimental invecti - tions. Since
cholestercl is rresernt in high quantities in ethorosclerotic lesions,
sevarnl irvestizations have boen dirccted tovuwrd studles of factors
influencing the concentration of blcod cholesterol in atherosclerosis.
Since the incidence of atherosclevnsis is velativ ly hich cmon; obose indi-
viduals, and since *tte netaboliza of cholestersl 2 werres to be allied

closcly with the 1irid mei=tolism, studies of tihe blood cholesierol of



overveight individiv«ls may be helpful in understanding the physiology
of obesity. The following study .ns conducted to invi.stigzmte the
zossitle chimnrs irn the blood serua chslezterol ol oviisischt college

wonen on a controlled weicht redictvicn diet and the »oscitls relztion-

ship betwezn encess body wei ht and serum cholestsrol valuces,.
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Chenicsl Strctire of Cinlecterol,

Clholesterol is one of the uriarr: constituents of Dbof;r cells., It is

a nonrtornic 2lcolol contoinine one doudle bond and mocsesses tie formula

2

C~ AuzC” The structure is as follows:

Tie four rin-s A, 3, C, and D form tie cvclorent mouerrydro-henarthrene
nucleus, viiich is chiracteristic not on1 of cholesterol but zlso of other

rlznt and animzl sterols and a wide v riety of n tursllroccurrinz comvovnds,

Some of these conrrpounds hrve imnpertsnt piysioloric: 1 sirmificence, Trece



compotnds incluce the bile s#ltc, the sterold horzones, the sterol
vit-mins, tle acslyrccre nortion of the crril-c olrcocides, the soponins
derived from tiie 2lant sroonirn, =nd tae ¢ rcincrenic kydroczrb.ns of the
vhen~nthrene type (Feiser, Teizer 16L0), Mhe pocsible rel=tionsnip of
tiie veried comrounds whose chenilcal structure ere funfzmentally similsr

his ettrrcted conciderzple attention,

Sy T 3
\

Concertrotion of Chclecterol in Zlood.

Ve

lves reported trr verious investimmtors for vaole blood cholestercl

for a~rarently heslthy adnlts wre siven in Tsple 1, The totnl dlood
ciolesterol ren-ed from 107.5 to 322 mili-ram. per 100 cubic centineters,
zlues for free crolesterol rz=nred fron 2.3 to 110 millisranm per 170
cubic centimeters,

Czolesterol contanins e&n elcorol roun and trerefore is canedble of
forming esters; in the blood, =2 l-roe nroportion of cholesterol is coubined
with fatt: ccids. Scerry (1935) fornd that the rotin of free to totzl
cholestercl in the blood was remar':=bly constont for humans, The zmount

of free in the totsl chclecterol varied witrin narrow limits of 24.7 %o

*i

lier re crt,

PY

5C.1 per cent with an aver.ge of 26,9 ver cent., In an ec

Lirk ornd co-woriers (1,) ) Y24 stoted trat tre ratios of free to total

cnol@ terol voried wicdely between individuzle, Values vere revorted vhich

renzed from 22 to 72 per cent, The rezsons fcr tue differences tetween
tie worlk ¢f Kirx ard tiet of S.err; were nct evident althicu i Deth inves-
tisctors presented ringes for the concentretion of tetol cliclestercel wiica

were &avrcxiivtely tie seme., Subseruent stodies frcam otler lndeorztories

rave confirued tle wori of Sperry end have denounstroteld the constcrey of
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the ratio of free to total blood cholezterol in a variety of condi-
tions. (Offenkrantz and Karshan 1936, Offenkrantz 1938, Smith and
l:arble 1937, Gardner, Gainsborough, and Lurray 1938, Peters and .ian
1943) .

The remarkable constancy of the ratio between free and combined
cholesterol may indicate the presence of an enzyme systenm vhich
regulates the proportions of the two substances in the blood. Sperry
(1936) found that esterification of free cholesterol occurred in the
geruri. Thus the ratio may be maintained through continuous and
simulteneous esterification of free cholesterol.

Bugnard (1930) observed that the venous plasma of dogs contained
more cholesterol than arterial plasma, whereas the coucentration in
vhole venous blood did not differ from that of arterial blood. He
concluded that there was an exchange of cholesterol between the
corruscles and the rplasiia vhich vas dependent upon the pH of the
circulating blood. Accordinz to this theory, when carbon dioxide is
given up by the blood in the lungs, and the blood bescormes relatively
alkaline, cholesterol migrates from the plasma to the corpuscles. The
reverse shift takes place as the blood becomes saturated with carbon
dioxide. Bugnard found also in vitro experiments that the saturation
of whole arterial blood with oxygen resulted in lower plasma
cholesterol values than saturation of the blood with carbon dioxide.
Levine and Soskin (1939) elso found an inverse relationship between
the total serum lipids and the carbon dioxide combininz power of the

blood.



Shope {1928) reported that the concentration of cholesterol esters
in heparinized plasma did not differ from that in the serum. \hen
sodium citrate or potassium oxalate were used as anti-coagulants, the
plasma contained less bound ckolesterol than the serum. Sperry and
schoenheimer (1935, 1937) found thet oxalated plasma contained
significantly smaller amounts of total aud free cholesterol than
gerum or heparinized plasma. These workers considered that the lower
values resulted from the effect of the oxalete in altering the serum
and plasma volumes. Gardner, Gainsborourh, and Liurray (1938) stated
that the use of potassium oxalate resulted in plasma cholesierol values

which were about four per cent lower than heparinized plasma.

Factors Influencing tlood Cholesterol.

The wide rasnge of values for blood cholesterol which are given
in Table 1 raises the question of whether the v.riations represent
differences between individu~ls or voriations in a single individual
over a period of time. Sperry (1937) and Turner and Steiner (1$39)
agreed that the concentration of cholesterol in the blood remained
remarikably constart for e ch person. lian and Gildea (1937 and
Schube (1936) reported that viristions occurred in blood cholesterol
concentration of individuals although the values which were revorted
ve e within fifteen per cent of the average concentr-tion. A review
of the f .ctors which may influence the cholesterol values of blood
follow:.:

Sex. Pete:rs and [&n (1943) found no distinetion between serum

lipids of norrial nale and femele edults but Lornerup (1950) observed



that there was a tendency toward higher serum lipid values in females
than in rzles.

ige. Sperry (1936) found thct the concentration of blood
cholesterol was low at birth and that a rapid increace in cholesterol
content occurred during the first four doys of life. After the fourth
day, the valucs for blood cholestercl apreared to renain constant during
infancy. The ringze of rlasma cholesterol values for infants four to
25 days old ranged from 71 to 192 milligram per 100 cubic centimeters
of plasma. The ratio of cholesztercl ester to totnl cholesterol varied
from 51 to 72 per cent for infants. Thus, the constancy of the ratio
of frce to total cholesterol which was observed for adults wzs not
found for infants. lulbock and Kaufmann (1938) obtained values that
were in agreement with those of Sperry.

A gradual but slight increare of cholesterol with age throughout
childhood vas re_orted by Baylac and Sendrail (1928) and Vard (1931);
however, Offenirantz and Karshan (1936) reported values for blood
cholesterol for children vhich were within the same ranse as for
adults. Kirk and his co-woriers (1935) studied a group of men who
ranced from 21 to 91 years of age. These vorlkers found that aze did
not have a significant effect either on t-e concentration of blood
cholesterol or on the ratio of total to free cholesterol.

Keys and co-vorkers (1950) found that the values of serun
cholesterol for men &nd women were not sigrnificantly different in the
age group of 17 to 30 years. However, above this age, there was an
average incrense per year of 2.2 milligrems of total cholesterol per

100 cubic centimeters of serum. For the age range 17 to 78 jears in men,



¥eys and co-workers fonnd a nronounced curvilinear relationship
’
between age and serum ciiolesterol concentraotion with 2 ma<imum in

the sixth decade.

renstruation end Fregnancy. Ckey and Eoyden (1927) reported
that excentinns to the usu=2l constancy of blood cholesterol occurred
during menstruation. The study inclnded ne:surciients of sizteen
healthy women over a period of 26 :ienstrual eycles. The usunl
flnctuations in the concentraotion of blood cholesterol during thre
menstrial ccle involved a slight oremenstrual rise, followed by a
distinct fall it ediately before or during menstru-tion, then a sudden
rise durinc o™ slishtly after the bleeding phase followed by a gsradusl
decline to the averare value. Offeniirantz (1938) observed that the
fluctuations during menstruation were within the limits of variations
of adult nen. Both Oxey and Offenkrantz found that the cholesterol
concentration in blood of norm=l women during the irternenstrual
period vas constant.

The cholesterol content of blood apparently increases during
precnancy. Grigaut (1913) sand Hermann and ﬂéumann (1912) found no
change in the first trinmester; hovever a gredual rise in all lipid
constituents occurred in the fourth month. The concentration reiained
high during the rest of preznancy, and through puerperium, then
declined gradually to pre-pregnancy values. Boyd (1934) showed that
this change occurred only in the plasma, and that the erythrocyte

lipids re:ained constant.

Tasting and Starvotion. The eff ¢t of fasting on blood chol-

esterol w 8 first studied by Gardner and Landen (191%) who observed



considerablzs increases in free znd esterified cholesterol during
periods of hunger. Shope (1927) observed that hypercholesteremia
occurred during pericds of fosting upn to six days. The blood
cholesterol decreased within a f:w hours after feeding. <This subse-
quent lovering of blood cholesterol occurred recardless of the tjve
of food eaten, whether fat, cirbohydrcte, protein or a mixed diet.
Bose (1946) found thet low tholesterol values occurred in starvation.
In cases of starvation, lian and Gildes (1936) found that the
cholesterol concentration in the blood seemed to vary directly with
the st~te of nutrition,

Diet. Th-= effect of diet on the concentrations of blood chol-
esterol over extendcd periods of time was first reported by Luden
(1917) who from self observation found that a prolonged vezetable
diet recsulted in a decreased value for cholesterol and that an
exclusive meat diet incre sed the concentration. Gardner and Gains-
borough (1827) reported that blood cholesterol varied with the ampunt
of cholesterol in the diet. On the other hand, Turner and Steiner
(1939) concluded that no relationsip existed betw en the type of
diet and cholesterol concentrations in the blood. Neither maintenance
on a high or low fat diet nor addition of cholesterol to the food
influenced the blood cholesterol in their study.

Okey and Stewart (1933) determinzd cholesterol in the whole blood
of four normal women who viere kept on diet which contained varying
amounts of cholesterol for approximately one month. Values reported
for blood cholesterol were slightly hicher when the diet contained

3.1l grams of cholesterol per day than when a control diet w:.s used
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which contained 0.77 grams. Values were higher vhen egg yolks were
fed as a source of cholesterol than when cholesterol was mixed with
butter, but these differences were slizht and were not considered
to be significant. Corwin (1932) reported that long term feeding on
a high fat diet produced only slight hyvercholesterenim in dogs but
when the high fat diet was suprlemented viith lecithin there was a
merked elevation of free cholesterol and combined cholesterol. Cho-
lesterol sadministered in the solid stute had no effect on the blood
levels.

The specific effect of lecithin on the concentration of blood
cholesterol was investigated by Steinsr and Domanski (1941). Eight
subjects were given 14 grans of lecithin and eight grams of cholesterol
for five vieeks. The average increase in the cholecterol concentration
in the serum was about 101 milligrans per 100 cubic centimeters of
blood at the end of this period.

These studies indicate that ingested cholest-rol when given alone
or vhen mired with fat, aprarently has little or no influence on the
concentration of cholesterol in the blood, but when cholestcrol is
mixed with lecithin, an arprceciable rise in the concentration of
cholesterol in the blood may occur, probably through finer emulsifi-
cation and more efficient absorption.

Keys, liickelsen, liiller and Chapman (1950) studied the relation-
ship between the cholesterol content of the diet and the concentration
ol cholesterol in the blood. Blood cltiolesterol vas found to be
independent of the intake over a wide rance; however, when the diet

ras free of cholesterol, blood cholesternl was lowered at a rete
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related to the previous concentration of cholesterol in the blood.

L severe recuction of cholesterol in the diet was not easily achieved
since cholesterol occurs only in foods of animal origin ard is
relatively stable. Ho ever, Keys found that a cholesterol free dict
readily lowered the blood ch~lesterol in normal men =rd in men with
extreme hypercholesterenia.

Obesity. The influence of the amount and the character of the
blood lipids on the developuent of atherosclerosis has been studied
extensively; however, tle results which have bien reported have been
higrly controversial. Diagnostic symptons of atherosclerosis do not
a_pear until the advinced stages of the disease; therefore, the deter-
mination of its presence and extent in hunans is difficult. Considerzble
evidence which hus been obtained in experimental studies with rabbits
has indicated that hypercholesteremia may be a fuctor in the develop-
ment of atherosclerosis (Page, 1941). Investigrtions have been
directed tovard the possibilit, that this also may be t:ue of the
development of athernsclerosis in humans (lieinhouse 1943, Liann 1951).
Further, the possibility that obesity is a rredisposing f ctor toward
atherosclerosis and that hyperciiolest remia may be a factor in this
relationshiy hzs been studied. Rony and Levy (1929) mcasured the
blood chiolesterol of 15 normal and 21 obese adults preceding the
followin; a test meal of 500 milliliters of 20 ver cent cream. There
wss no apparent change in the concentration of blnou cholesterol.
Conversely, Blotner in 1935 administered a test meal which was high

in fat to 21 obese irndividu::ls and fo:nd that there wns a 1ar-ed
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increase in blood cholestorol; this increase in blood cholesterol
wes not observed when the same test mezl was given to 13 normal
adults. The nature ot the test ezl w.s not d:scribed in the report.
The results of Rony and Levy were conlirmed by Oppenheirer and Bruger
(1943) who repeated the exne_imental conditicons of the previous study
with seven normzl and 13 ob:se individucls and found no increuzse in
blood cholesterol following the tecst real. These studies have
indieated recogniti~n of the problem relating to cholesterol metabo-
lism in obesity. There is need for further invecstiy tion of the

problen.

l’lethods on the Determiration of Cholesterol.

Eistorical_pevelqgﬂgnt. Chenicel rethods for the deteri:ination

of chnlester-l date back to the early rart of this century. Windaus

in 1909 published a gravimetric rrocedure and Grigzavt in 1910 published
a gravimetric metliod for cholesterol determinations. \.indaus found
that cholesterol formed stoichiometric ccordination co:mounds with
digitonin and other sap nins. On the basis of tlis observcetion windaus
precinit-ted cholecstercl b, digitonir in slcohcl and deter :ined it
gravimetriec21lly. Grigaut applied the Liebermann-Yurchard reaction
(1885) to an ether extract of cholesternl and measured the intensity
of cclor produced by the rezction. In the Liebermmmn-Burchard reaction,
acetic aniydiide 2nd coicentrated sulfuric acid were adi-d to 2 dilute
solution of cholesterol in echloroform. The color vhich rezulted was
first blue, tien greer, end finally aft-r lorg sta:ding, a yellow

brown.
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For twenty years Wirdaus' gravimetric mcthod vas considered
the standard procedure for the estimation of cholesterol. The method
is considered excellent but it is laborious and time consuming.

The method was not zpplicable to routine analyses of small
quantities of blood and tissue available for study as it was not
possible to weich accurately one or two milligram guantities of
chinlesterol digitonide with ordinary analyticsl balances.

Grigaut's method required five to ten cubic centimeters of blood
and required three to five hours to extract the cholesterol. auten-
rieth and Funk (1913) modified Grigaut's method and reduced the
quantity of blood needed to two cubic centimeters znd introduced the
use of strong alkali to extract the cholesterol. The extraction
time was thus reduced to 25 to 35 minutes. The use of strong alkali
introduced a new problem. a4 brown tint developed which was believed
to interfere with the colorimeter reading.

From 1916 to 1928, Bloor published a series of articles which
presented modifications and improvements of the colorimetric rroce-
dure. He found that the cholesterol in blood behaved differently
from pure standard cholesterol. Blood cholesterol reacted more
reedily and faded f' ster than pure cholesterol. Bloor questioned
vhether the blood cholesterol was wholly or in psrt different from
the pure cholesterol, or whether the difference res:lted from changes
in the rate of the reaction caused by incurities in the blood extracts.
Later (1922), Bloor reported that pure cholesterol was not aftected
by alkaline saponification, and it was probable thet some substance

other than cholesterol was vprescnt in the blood which vas sensitive
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to alkali and gave a brown tint. In 1928, Bloor sublished another
peper in which he reported the determination of total fetty acids
and cholesterol in an alcohol-ether erxtract obtained by saponifica-
tion and extraction; in 1929, Bloor published comjilete details for
the oxidative determinetion of phostholipids, fatty acids, and
cholesterol from the same extract.

Bloor had undoubtedly carried out the most extensive ground work
for the colorimetriec determination of cholesterol. 1In the sane
period of time, other laboratories also were concerned with iuprove-
ments of met:ods for cholesterol determinations. Various modifications
of the colorimetric procedure involved two processes, i. e., the
isolation of cholesterol by extraction and the d:velo.ment of color
in the extract.

Colorimetric determination of Cholesterol: Extraction. The

extraction process mey follow one of two steps: (1) the wet metinod
which Bloor used extersively, and (2) the dry method of extraction.
In wet extraction, blood is treated with alcohol-ether and filtered
to rerove the precipitated protein. The solvent is evaporated and
the 1lipid material is taken up by chloroform. This method is
preferred when more than ore phase of tke various lipid fractions
of blood are studied. ,ith the dry method, only cholesterol can be
analyzed in the extract. The blcod is dried on some substance as
filter paier and ‘then extracted with chloroform in a continuous
extrection process. A comparison of the methods for wet extraction
and dry extraction of cholesterol for blood which have been reported

in the literature indicated that equa 1y reliable results have been
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obtained by the two metrnods. Only the total cholesterol ccontent of
the blood can be deternined when the procedure of the dry extraction
is used. The wet extractio: mettod hcs the advantege that both total
and free cholesterol may be deternined from the same extract and thet
srecial continuous extraction apparatus is not needed.

The wet extraction method vas used by sutenrieth and Funk (1913)
and Grigaut (1910). Both investigetors used ether for extraction.
V/hen used slone, ether re .uires a long extraction period; however,
when ether is used with alcohol or when alcohol and acetone are used
for extraction, only a few minutes are required to obtain complete
extraction. Bloor, in his experiments (1916, 1917, 1928) used ether
and alcohol in the ratio of three to one. Alcohol precipitates the
protein and mixes with the vater in the blood, an- ether extracts the
lipoid substances more completely. Schoenheimer and Sperry (1934)
used a mixture of hot alcohol-acetone (1l:1) for extraction of
ctolesterol. Sobel and Liayer (1945) found that cold extraction with
alcohol and acetone (1l:1) wes as effective as hot extraction.

A met:od for dry extraction of cholesterol was first introduced
by lyers and Wardell (1918). Blood was adsorbed on plester of raris
and dried hefore extrection with chloroform. After adsorption, blood

~laster of raris. This condition

vas in a finely divided stste on the
facilitated extraction. The calcium salt also retaired substances
which added to the color develooment by Bloor's procedure. Kesults
of this method agreed frvorebly with the method of Windaus (1909).

Lieboff (1924) used paver discs to adsorb blood and reported that

drying -t high temperatures impaired the test slightly and gave lower



- 16 -

results. Lieboff reported that drying the blood on filter paper was
not necessary. Ling (1928) reported the use of fat-free filter paper
for the adsorption of blood =nd Abrahamson (1933) substituted
absortent cotton for filter parer and obtained similar results.

Colorimetric Determination of Cholesterol: Develorment of Color.

Most metrods using chloroforia as the initial solvent used the
Liebermann-Burchcrd color reaction. The blue-green color produced

is me sured colorimetfrically or rhotometrically. This reaction in
spite of its anrarent sinmplicity, has proved difiicult to control.
The intensity and the shade of the color have been shown to be
influenced by small differences in the concentrations of the reesgents,
by the presence of traces of water or other impurities, time and
temperature (Eoffman 1941).

Schoenheimer and Sperry (1934) precipitated cholesterol with
digitonin before applicetion of the Liebermann-Burchard reaction to
the digit-nide dissolved in scetic acid. It vas believed that isola-
tion of cholesterol as the digitonide avoided errors which were
introduced into other colori:etric met:ods by interfering chromo-
genic substances present in fatty extracts. Digitonin has an
absorption curve similar to that of cholesterol. However, Schoen-
heimer and Srperry found that digitonin did not hav: an absorrption
peek in the range of 610 to 620 millimicrons vhere the color develop-
ment by cholesternl was at its maximum. After precipitation of
cholesterol digitonide, Schoenheimer and Speiry dissolved the precipi-
tate with glacial acetic acid and then added separately acetic anhydride

and sulfuric acid. The mixture vas allowed to stand for fifteen
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minutes at 25° C. and the intensity of the color was measured
spectrophotometrically at a wave length of 610-620 millimicrons.
Schoenheinier and Sperry were able to achieve by this method a degree
of accuracy formerly obtaired in the racrogravimetric method of
\/indaus; more-over, this retl.od required only 0.2 cubic centimeters
of blood vihere as Vindaus employed 15 to 20 cubic centimeters of
bloocd.

Sperry and Brend (1945) proposed a number of improverents of the
earlier metnod of Schoenheimer and 3perry. Sperry and brand sugzested
nmixing the acetic anhydride and sulfuric acid beforehand so that the
evolution of heat fro the reaction did not aifect the rate of color
development. The color reactes a maxirmum in about fifteen minutes and
then fades, so the temrer-ture and tire of rezding must be selected
for maximrm color intencity.

The most recent modific tion of the mettod of zchoenteimer and
Sryerry vwas putlished by ¥oldeos and .ilson (1950). The reagents were
the same "8 in the e=rlier et od with the ezcertion that a solution
of 0.5 pe~ cent alecohalic digitonin was used inste:d of a solution
of 0.4 per cent aqueous digitonin. The authors clained thut the use
of the alcoholic digitonin resulted in a fine, evenly disyersed
precipitate which was e sier to handle than the coarse, sticly .

vrecivitate obtained vhen agueous digitoni. w-s used.

E@her Ilethods for the Determination of Cholesterol

Tost of the methods revorted in the liter ture for the determin-
stio of cholest=rol have arrlied the Liebernamn-Rurchard reaction

for color formztion; however, ether re-wctions alsco huve been ernployed
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although the methods have not boen as widely vsad.

Okey (1930) develcped a nicro metlhod for the estiration of
cholesterol in which the digitonide w's oxidized with silver
chrorat2>-sulfuric acid and the excess dichroriate vas titrated with
sodiun triosulfate. This rietlod hzs given excellent results; however
it is rore ti-e consuning than the cnlorimet:ic proced :re of
Schoenheiner and Sperry.

Bernoulli (1932) emnrloyed acetic chloride and anhydrous zinc

This reaction, called the Chugaen test, vas comnsidzied to result in
the formation of a comjound which had a more st=ble color than that
fornmed by the Licbermann-Purchard reaction. Beraoulli claimed that
one vart of cholestercl in 80,000 parts of solution could be detected
by this procedv e. This method hes the disadvant:ge that fatty acid
esters of cholesterol and ergosterol and phytosterol will give the sane
reaction as cholesterol with the test.

A color reaction which emiloyed salicylaldenyde in a solution
of chlorofom, sulfurie acid sud water was applied by Ohysama (1938)
for the determination of cholesterol. his reaction resulted in a

violet-colored substance whichi formed in the chloroform layer.
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EXPERTLEITAL PROCEDURE

A series of determinations were made of the totul and free
cholesterol in blood serum of ten overweight college wiomen who were
subjects on a weisht-control ::etabolisin study conducted by the Foods
and Nutrition Departient at liichigan State College. Records of body

weights ~nd food intales were available for inspection.

Subjects.

The subjects were overweight college women who ranged from 18
to 23 years of age. In September 1950, a preliminary study on weight
reduction was begun. Subjects A.L., I.P., and V.S. participated in
the study from Se_tember to December. After the Christmas wvacation
these women returned to the diet table ard were continued on a weight
reduction study with seven additional subjects who began the experi-
mental study in January. The caloric intake for subjzets A.L., I.P.,
and V.S. on their usual self-selected diet was determined initially
in September. In January, these subjects were placed im-ediately on
the weisht reduction diet. However, the other subjects were permitted
to eat vithout restriction from a mixed diet of foods t,picel of this
area. All servings of food were weighed to determined the customaery
food inteke of the subjects. FYollowing this, all subjects were given
the weight reduction diet. The calories of the diet were supplied
chiefly by protein and fat. Subjects V.S. and I.P. resched exuected

weight before the period of observation was concluded. At this time,
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the diets of these subjects were adjusted to maintain the desired
veight. Since subjects S.S. #nd A.L. did not show a precizble
weight loss on the reduction diet, their food intakes were reduced
by ten end twenty per cent of the basic reduction diet, respectively.

Deferminations of serum cholesterol were made at intervals of
approximately two weeks from January, 1951 through liarch 1951. Thus
values for serum cholesterol were obtained for seven subjects (d.W.,
¥eJ., D.VA., E.H., A.S., S.S., and F.G.) before weight reduction and
at two week intervals during the period of weisht reduction. Serum
cholesterol values vere not obtained for subjects A.L., V.S., and I.P.
before weight reduction. 4Analysis of serum cholesterol were made
during weicht maintenance for subjects V.S. and I.P.

A group of eleven women students of average body weignt volun-
teered to beconie control subjects. A series of three blood sanples
were taken at sbout one week intervals and serum cholesterol was
determiined. s record of a typical day's food intake was obtained from
each subject and the caloric intake w's ealculated by the metiod of

Donelson and Leichsenring (1945).

Sampling Techniques.

Samples of blood were taken from the subjects in the f:sting
state at approximatel; two weelrs intervals. The blood was dravm from
the fingertip from a snell incision made by a lancet or a Bard-Parker
blade. Arproximately 1.0 cubic centimeter of blood was taken for each ,
sariple. After the blood clotted, the sarples were centrifuged to
separ=te the blood cells from the serum. Serum was used for choles-

terol determinations in all czses.



During the period of study, cholesterol vulues were determined
also on the serum of venous blood sam:les taxen from the subjects,
The samrles were taken a2t leust two hours after a me:1l. The blood
wes treated in the same manner as the fingertip sa.iple ~nd the serum
wves held in frozen storage until analysis. 4 comparison was made of
the cholesterol of the venous blood serum and the cholesterol content
of the serum of fingertip (capillary) blood which was analyzed within

a week of the tire that the venous sanrles were taken.

Chemical Procedure.

The concentration of total and free cholesterol in blood serum
was determined by the method of Schoenheirier and Sperry (1934) with
modifications according to Sperry and Brand (1943), Sobel and iiayer
(1945) and Foldes and Wilson (1950). Three cubic centimeters of
alcohol-acetone (1l:1) solution were added to 0,2 cubic centimetcrs of
serum in a five cubic centimeter volumetric flask. The solution was
brought to boiling and held at boiling temperature for .0 seconds. The
s»lution was cooled and mede to volume. The protein precipitate was
separeted from the extract by filtration through fat-free filter paper.

An aliquot of one cubic centineter of extrzct was used for the
determination of total cholesterol. O(ne drop of ten per cent potassium
hydroxide was add=d to the ertract to hydrolize the chonlesterol esters.
The solution weas allowed to stand for 30 minutes and then titrated witn
ten per cent acetic acid in alcohol, using phenolphthalein as an
indicator.

£n aliquot of two cubic centimeters of the extr.et was taen for

the determination of free cholesterol., i'ith the excepti~n of the



hydrolysis of cholssterol esvers, tre deter-initicons of total end
free cr-lestersl were cor ‘ed out in the snie ;wnner. PBoth total
and free cholesterol vere preci it ted with a 0 per cent aleoholic
digitonin solution and allo ed to stand overni_ht. ‘he precipitute
wns sepa—ated by centrifuging - nd then veshed .ith zn acet-ne-ether
snlution and with anhjydrous cther. 7“he etler w s renoved by
evarorctione.

The digiteonir preci. it-te vaos dissolved in zincial zeectic cceid
and a solution of acetic rnhydride-sulfuric acid (20:1) was ad ed.
The solution w-s allowed to stand for £7 minntes (no lciger than 30
mirvtes) arnd tle absorrtion of li-ht was mersured in the Beclman
stectirophotoneter ot a vavelength of 620 nillimicrons. Determinations
of serun chclesterrl vere 11 de in duplic=te; hovwever in sore instances
sufficient blood wus not olttuircd to rermit dvrliccte analyses.

A scries of sol'itions of 0.01 to 0.10 millisroi of ire
crolesternl per one cubic centimet r of zcetic acid vere pre;ured
=rd trezted mccordinsgs to the above rrocedure. The absorption of 1li ht
vas e srred end the velies were nlotted on seni-lag pap r acuinst
corcentration of cholcsterol. The grarh vwos used as a reference curve
for tr«# c:rlenlation of the enovnis of total and free chalesterol in
blood seru:.

In a rrelimina y study of tlis method, recoveries of _ure

c¢.olnsterol added to bleod serun ranced from 94 to 92 per cent.
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RESULTS AID DISCUSSICN

The subjects were overweight women who were epvarently heulthy
in other resrects. Routine physical examinations mcde by the student
health service vere negstive. However, subject F.G. bad received ore
srein of thyroid preparation since childhood and continued thyroid
therapy during the study. The desired vei:hts of the subjects were
predicted from Leight and body stature on the basis cf anthroporetric
measurements.l The subjects were moderately sctive college wormen as
judged by their ability to carry a full time college program
successfully. The age, helght and predicted weights of the subjects
are given in Table 2.

The age of the subjects ranged from 18 to 25 years; the subjects
were fronm 8.0 to 51.2 per cent overweight at the beginning of the
study. Initial weights are given for subjects V.S., A.L., and I.F.
both &t the beginning of the preliminary study and at the beginning of
the period of observation. Estimations of the averz ;e loss per vweek
for A.L., V.S., and I.P. were based on the period of preliminary
study and the experimcntal period; thus the total reduction period
vas 24 weeks for subject A.L. end 19 weelts for subjects V.S, and I.P.
The average loss of weight for all subjects was 0.67 kilogram per
week. The rate of weight loss was satisfactory for all of the sub-

jects except for A.L. who averaged only 0.20 kilogram per week., T1wo

1 The anthropometric measurements and predictions of desired

weights were made by Dr. llargaret A. Ohlson.
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subjects, V.S. end I.¥., achieved the desired weight loss which vas
12.4 kilogram for V.S. and 8.9 kilogram for I.rP. These subjects

were then given diets planned to maintain body veight. at the end
of the study, subjects a.S. and S.S. also had lost the desired anount
of weight. The other sutjects were frcm 14.4 to 35.9 per cent over-
weight at the end of the observational period.

The caloric intekes of the subjects on the unrestricted diet,
the weight reduction diet, and the weight maintenance diet was given
in Table 3. Since the women were aprarently healthy individuals, it
was assuned thet the excess weight resulted from ingestion of calories
greater than the output of energy. The caloric intake of the subjects
during the period in which they ate without restriction averaged 1983
and ranged from 1789 to 2280 calories per day. It is probeble that
these int:kes may be slignhtly below their previous customary inteakes
since weight losses from one to four pounds occurred duaring the two
weeks on the self-selected diet. The caloric intakes for this period
were below the recommendations of the Food and Nutrition Board of
the Iational Research Council. This su:. ests that the recom.i.ended
intake for celories for women may be high.

After a period of tvo weeks on the self-selected diet, the food
intake of each subject w:s reduced to 1403 calories ver day; these
calories were supplied chiefly by protein and fat. The basic
reduction diet surplied from 61.6 to 78.5 per cent of the caloric
intakes of the subjects during the self-selected period. The basiec
reduction diet proved satisfactory for weight reduction for all of

the subjects except for A.L. and S.S. for whom it was desirable to
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increase the rate of weight reduction. After six weeks on the
reduction diet, A.L. and S.S. were given diets which supplied twenty
and ten per cent less respectively of the foods of the basic reduction
diet. Only two subjects, V.S. and I.P. attained adequate loss of
weight so that they could be observed on diets planned to maintain
body weight. Since I.P. was of small body build, the caloric intake
was increased only to 1513 calories per day after weight reduction.
This increase avr-arently vmas not adequate since she continued to lose
weigcht. Subject V.S. was given 1709 calories per day for weight
maintenance. This intake appeared to maintain body weight for the

subject during the period of observation.

Serum Cholesterol during Veizht Reduction.

The total cholesterol concentration in the blood serum of
individual overweight subjects at two w=ek intervals is shown in
Table 4. The total serum cholesterol during the period on self-
selected diets ranged from 141.9 to 227.5 milligram per 100 cubic
centimeters and averaged 175.4 milligram per 100 cubic centimeters
serum., Since V.S., /i.L., and I.P. vere on weizht reduction diets at
the beginning of the study, no values for the totzl serum cholesterol
on the self-selected diets were av.ilable for ticse subjects.

The average values for total serum cholesterol were 167.9, 172.4,
172.3, 188.2 and 186.9 milligrans per 100 cubic centimetoss 7o cach
tvo we~k intervasl, res;ectively. A grarh showing the average ch-m_es
in the totsl servm cholecter~l and body weight for the subjects for

each tvo week period is giveon in Figure 1. Changes in body wei ‘ht and
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in serum cholesterol for the individual subjects azre given in

rigure II. T ere vas an initial decrease of totel serun cholesterol
for four of the subjects in tre tvo we Xk rericd following the intro-
duetior of the bnsic readuetinn diet. Following this, there vas a
tendency tovnrd an inercase in total serum cholestercl. This pattern
veg chem-cteristic of four subjects, 2...., E.H., S.5., ¥.G.; &n
incrense in tot.l s runm clicleaterel during tle e rerinentzl period
also oceurred for subjects linJ., DeVae, A8, rd I.P. Houvever, the
influence of tirie on tot~l seruri cholesterol values vias deter:.ined
statistically by analysis of variance (Tabls 5), and it wes found that
tle chenzes in cl.oclesterol for the succescive periods vere not staetis-
tically sisnificart. Diffcrences betwszen individunls vere nighly
gi-nificart.

The ccnecentr-tion of free cholesterol in the blood sermwea of the
eryerinerntsl subjects ie iven in Table 6. Thece velues elso are
shomn greyhicelly in Yisure II and tie aver:_e of vualues for free
cholesterol ir the serw for the entire grouov is shovm in Figuie I.
The concentration of fren cholecterol cvereged 41.2 milligrem per
100 cubic centineters of serwun during the reriod of tihe self-selected
diet =2nd the values Tfor the entire grour ranged from 29.4 to 55.0
millizrans per 100 cubie cerntincters for the group. Variations in
concerntration of free cholzstercl in the serwnm followed the swue
rattern as for tctal cholesterol in that & decrease in freo chelesterol
values occurred in the two week period arter the subjrets were ziven
the reduction diet. An anelysis of variance showcd that changes in the

concentrotion of free crelesterol during tre period on weisht reduction

vere not stztisticolly sigrificent (Teble 7).
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mhe ratios of free to total cholestoronl for the indiviauel

ivon in Table 8, The ratio of fre= to total cholestercl
varied fron 13,6 to 1.5 rer cent during the s~1f-sclected dict meriod
with an avernge of £3.9 per cent. The average ratios of free to totzl

eholest-rol for sach tvo weell intcervael during w izht reduction we:e

9

21.8, 2%.2, 25.4, 22.4, and 23.3 per cant. The avernses for the
entire girouyr showed tle constancy of rntio of free to totzl cholesterol
vhich vas redorted ty Srerwey (1936). Hovever voriwticns in the ratio

of free to total cholest

O
Vo

ol for the irdividuol subt jects -ere mucia

w
mn

cre~ter dvring ths siccessive _eriods. T“he ratio of fr.e to totel
cholsaterel virizd from 12.9 to £3.3 rer cont durisg weight reduction
for subjezct I1.J. and from 16.1 to 27.6 ver cenrt for subject aA.S.

Values for the concentration of cholcsterol ester in the blood
serunm vere obtained from the difieience of the tot~l £nd free choles-
terol vali s for e ch veriod and are stown in Table 9. The cholesterol
ester of blood serun during the self-selected diet period ruuzed from
29,4 to 185.9 nilli~va:s per 100 cubic centineters and averec:ed 134.1
nilli roms ver 1.0 cubic centimeters. The rverage cholestercl ester
concentrations for each two wesek interval durinz weisht reduction were
151.9, 132.6, 128.9, 145.6 end 143.3 millizrars per 100 cubic centi-
meters of serum resnectively. The relative constancy of the values
for tot:1 cholesterel for the individual subjecis during weignt

red ction ma, be seen in Figure II. 4Analysis of variasnce also shovied

that tress chunges were not significant (Table 10).
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The ratio of cholest-.rsl ester to total cholestcrol in the serum
vas caleilsted for each subject and the volies are given in Table 1l.
From 65.9 to 87.1 per cent of the totzl cholasterol was prosant in
the blood szrum s the ¢ olestirol ester faction. averase valucs
for the entire gsrovp during the succescsive _Leriods were renariatly
constant. Variations for the individual subjects during vei_ht
reduction tere from 5.4 per cant for subj-ct E.H. to 11.5 per cent
for subject A+Se.

The values prcs nted zbove indic=te that Tor this grouzn of over=-
weirht vomaen there was lit:le ch nge in the total se<rum cholesterol
or in the rructions of serum cholest r 1 during weight reduction. The
decrease in total cholesterol and fr-e chol=strrol wiich occurred for
sorie of the subjects in the tv~ week reriod after the subjects were
given a restricted diet sugz.estec the possibilit, of a relationship
betwesn the ¢ loric intake and the concentration of serum cholesterol.
The gradual incre-se which occurred following the initial decrease
may have renresented an zdjustment t the restricted caloric inteke
or the influence of a dict which sugplied a relatively high ratio of
the calories from animal fats. Since the changes in serium cholesterol
for the entire group were not found to be statistically significant,
it would seem that the grrdual ircreese in serum cl.olesterol vhich ves
observed for four of the subjects may have renresented an adjustment
to the rostricted caloric intake. The values for serum cholesterol
obtained in this study vould seem to indicate th:t the eicess body
veight for these subjiects et the beginning of thne study did not influ-

ence the cholesterol metebolism.
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Serum cholesterol values also were octained for sub jects V.S.
ard I.F. on diets which were rlanned to maintain the desired veights
of these subjects. This portion of the study was linited to six
weekxs for subject V.S. and four weeks for subject I.P. For both
subjects, the serum cholestercl vulues on naintenance diets were

within the rrnges of values for these subjects during weight reduction.

Comparison of Serum Cholest-rol Values for Overweicht \ionen and . omen

of iverage leicht,

Eleven healthy women of average body vwieisht were selected to act
as controls for a cormparison of serium cholesterol values of overweisht
women and women of average weirht. The age, height, weight, calorie
intake and chrolester~l concentrations of free, total, and cholesterol
ester of the control subjects are given in Table 12. 4£gcs of the
women in the control group varied from 19 to 23 years; this was
slightly above the range of ages for the subjects on the reduction
diet.

The caloric intalies of the women of average weight viried from
1459 to 2498 calories per day. The average intake ws 1859 calories
per day or zbout 140 calories less than the average intake of the
expeririental subjects on self-selected diets.

The total serum clholesterol values for the control subjects ran.e
from 115.0 to 192.5 milligra:is per 100 cubic centimeters; the average
vas 153.6 millicrams., Both the range of values and the averagse total
cholesterol concentration of the serum of the women of average weight

v:ere below the velues for the exrerinental subjects. However the
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individual differences within both groups were great enough that
there was not a significant diffevernce betwveen the totzl serun
cholesterol velnes of the overveight women and the vomen of average
body wei~ht (t-test, Fisher, 1938).

The cormbined cholesterol was the fraction of the tot:l choles-
terol vwhich wrs lower for the women of average weight than the
evperiment:l subjects. The range of values for cholesterol ester
for the control sub’ects vas frocm 81.9 to 142.1 millig -ams per 100

cnubic centimeters of serum as compared with a ranie of 99.4 to 186.9

R vt - - w.ﬂ

ni:ligrams of cholesterol ester per 120 cubic cerntimeters of scrum

for the experimertal subjects; the averzge ccncentration of cholesterol
ester vas 110.2 milligreaiass per 100 cubic centimeters for the control
subjects and 134.1 milligraiis per 1lu0 cubic centimeters for the over-
weirsht women. 4gain, the dififcrence was not statistically significant
according to tihie "t" test (Probability = 0.10).

The vzlues for free cholesterol for the eleven vomen of average
weight was similar to the values for the experimental subjects. The
rance of values was 33.1 to 56,0 milli rams per 1lU0 cubic centimeters
with an aver ge of 43.5 milligrams for the control group and 29.1 to
55.0 millicrams with an average of 41.2 millicramns for the experimental
group. The mean ratio of free to total cholesterol concentrat on of
the vonen of average weisht was 28.35 per cent; this vas five per cent
less thmn the average ratio for the experiment :1 subjects.

The women of the two groups were similar both in the range of
ages and of heights. However tre similarities were not close enough

to justify pairing the subjects on the basis of desired weight, height
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and age. The tendency toward hii-her serum cholzst~rol values for the
overveight women vhen compared with vomen of averace body weight
sug-ests the desirability of extending this study to include a lager

nu:'ber of subjects and by pairins subjects on the basis of body build.

Comoarisnn of Serum Cholesterol of Capillary and Venous Blood.

£ comparis n of serum cholcsternl for capillary and venous blood
is vres~nted in Table 13. The average values for totul cholesterol
an.. cholesterol ester concentration in venous blood serunm we e within
one mi ligram of the average vzlues for capillary blood serum, but
the aversge of free ciolester 1 in venous blood serum wus three milli-
grais less than that of capillar, blood. The average vatio of
cholesternl ester to trnt- 1 cholesterol in the venous blood was within
one ver cent of that Tor carillary blood.

Cn the busis of this stud.,, it would seem tat the cholesterol
c-ntent of ccrillary blood serim does not dilfer from th't of the

ser::m. of vennus blood.
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SULi_EY A D CCUCLUSIOIS



SU.L.uY D Cul.CLUS IS

The total znd free c'ol-sterol concentrations of blood s:rum
vere det m in~d for ten overw:ight colle e woren ct two week intervuls
for = pericd of twslve ve-iis. The sultjects were given con’ ol cd
we® ¥t red ctinn diets efter their cuctomary cwloric intwies were
drterriined.

The serun cliolcsterol during the sclf-selected diet » siod
aver: ~2d 175.4 nilli;rars per 1.0 cubic centimeters. Thare was an
iritial decrease of total cliol storcl for four of tiie subj c-s after
the introduction of tihe bisic redict’+~n diety this as f llowed b, a
trerd toward an incro-ce in t~t:1 serui: c..olecter 1l. The other
suhbjects #lso sioed o ¢:odual increwre in total sermut cholecterol.
'orever in sern clrolester-1 dur'n: tie successive [ criods wore not
stetistically significant.

The free clhol ster-1l conceutrution of blood serunm aversged 41.2
1illigram per 100 cubic centineters of servin during the _eriod or the
self-crelected diet. Variations in the concerntration of fr e chinl-astercl
in tre seri:a follovied the sazme pattern as tlhat for tot: 1l chol.stverol.
sn anslysis of variaice shoved that chienszes in the concentiations of
frze chonlestercl durirg the rveriod o veipht redvetion were not
staticticrlly sisn'ficent, uwntios of free to total chiolesterol
averaced £1.8 per -ent durirg tlhie vel »t reduction reriod.

The coucentrition of chiol.steiol este:r v s obtaincd fro.. the
diffz -ence of total arnd frze choleusterol v: luus for euch pericd. The

crolecsterol ester cveraged 134.1 milligran per 1u0 cubic centiceters.






The everage rotics of chol sternl ester to totxzl ciolesierol during
steccessive perio s 1ere re v riably co siant. Individrzl variations
van~ed from 5.4 rer cent to 11.5 per cent.

iihe velues citained indic: te that for this group of overwel it
TOMET, thefe vrs little chanre in ihe total serum cholesterol and in
froctions of serm cholesterol durir: veisht reduction,

The subiects lost an average of 0.67 kilosre : of body veisht
rer veek. 1ne rete of weigcht reduction vas satisf-ctory in ell of
the subiccts but one. Two subjccts zchiieved the decsired weight loss
and vere tren g¢iven diets nlanred to rmaintain bedy te‘slits. The
valu:s for blood seru cholestercl drring the nmaintennce diet por’od
for these subjects vere witrin the range «f the values for thes:
subjiects drrinT vei %t reduction.

i compariscn of serum chcl:sterol valucs for overvei, it vonen
ard woren with average veisrt indie ted that the volues fer the average
tot~1l clolesterol cocncentration of ser m of the vomen of ave age body
vei-tt were relow the vilues of the exgerinrnt-1 sutjects. However,
the difference was not statistically sign’ficant. Valics cof free
cholesternl for the ccntr 1 group and the experiment:-1 grovp vere
similar. 7he neen ratio of free to total crholesterol concentration
vias five rer cert less for the exrerinentzl subjects than the control
grouvr.

A comnerison of ser i ci.ol-stercl for crpillzary and venous blood
siiored that the cheolestorol content of the blcod serum of capillary

blood dres not differ from that of the serm of venous blood.
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