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CONCENTRATIONS OF FREE Am  TOTAL CHOLESTEROL 
IN HUMAN BLQm  FRACTIONS 

INTRODUCTION 

Cholesterol is recognized to be a normal constituent 

of almost all animal cells, but in spite of much research 

little is yet known of the actual role of cholesterol 

in metabolism.  In research on humans, cholesterol 

concentrations in the blood, particularly in the serum 

fraction, have been studied most extensively. However, 

it is known from animal studies that changes in 

cholesterol concentrations in sera do not always relate 

to changes in cholesterol concentrations in other tissues, 

e.g.,liver, adrenals and arteries. The few studies 

reported which included analyses of red cells have 

indicated that the concentration of cholesterol in this 

fraction of the blood is relatively constant as compared 

to the concentration of cholesterol in the serum. Little 

is known of the concentration of cholesterol in the white 

cells. 

The development of satisfactory methods for the 

separation of the cell fractions from small amounts of 

blood made practical the studies of several metabolites 

in these formed elements. Because analyses of the red 

cell, or erythrocyte, and the white cell, or leukocyte, 

and platelet fractions of blood proved to be of 
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importance in evaluating the nutritional status in 

humans for certain of the water-soluble vitamins, e.g., 

ascorbic acid, riboflavin and niacln, it was considered 

that blood fraction analyses might offer a valuable 

approach to a better understanding of cholesterol 

metabolism. Changes in the concentrations of cholesterol 

in the cell fractions, particularly in the white cells, 

might provide valuable information about cells in tissues 

in general. The leukocytes are of special interest 

because they are the most readily available nucleated 

tissue in the human body. 

Following the publication of a micromethod for the 

determination of cholesterol in serum (20, p. 226-232), 

methods for the determination of cholesterol in the blood 

cell fractions were developed in this laboratory (34, 

57 p.). The red cell and the white cell-platelet methods 

were adapted by Pescador from the serum method of 

Galloway et al. (20, p. 226-232) and from the methods for 

vitamin analyses in cell fractions of Bessey et al. 

(5, p. 197-205) and Burch et al. (13, p. 457-470). 

Pescador concluded that the method for the determination 

of cholesterol in red cells was satisfactory and that the 

white cell-platelet method held promise although it 

lacked precision. Since the concentrations of cholesterol 

in the few white cell-platelet samples determined in her 
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study were much higher than concentrations previously 

reported in the literature, interest for further 

investigation was stimulated. 

Contrary to earlier beliefs, recent studies using 

radioactive isotopes indicate that lipid synthesis occurs 

in whole blood. The formed elements, particularly the 

leukocyte fraction, are active in lipid synthesis. The 

exchange of liplds among the blood fractions also have 

been demonstrated by this technique. These experiments 

would suggest that the concentrations of lipids are 

affected by synthesis of lipids as well as by a rapid 

exchange of lipids among the blood fractions. 

The objectives of this study were to increase the 

precision of the analyses of white cells and platelets 

and to determine the relative concentrations of free 

and total cholesterol in the red cell and the white 

cell-platelet fractions of the blood as well as in the 

serum of a group of subjects. When the precision of 

the white cell-platelet method was increased, the 

concentrations of cholesterol in the blood fractions were 

determined in a group of twenty subjects, male and 

female, ranging in age from twenty-two to seventy-five 

years. 
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REVIEW OF LITERATURE 

Cholesterol in the Blood Fractions 

Serum Cholesterol 

Cholesterol in the serum has been studied in both 

healthy individuals and in individuals with various 

physiological disorders* The effects of a variety of 

factors, e.g.,age, sex, race, diet, environmental condi- 

tions and physiological state of the body, on the concen- 

tration of serum cholesterol have been the object of much 

research. In recent years several extensive reviews have 

been published (IS, p. 349-43G; 14, p. ISI-203; 25, p. 171 

231; 15, p. 2198-2203). Cholesterol in the serum appears 

to be maintained within a rang® which is characteristic 

for each Individual and frora which large deviations do 

not ordinarily occur in the absence of disease or 

therapeutic treatment. However, considerable variation 

in the comeentration of cholesterol is found among 

different individuals. The normal range for adults is 

reported to be about 160 to 240 mg of total cholesterol 

per 100 ml  serum. Cholesterol is present in the serum 

in both the free, unesterlfied foma and as esters of 

fatty acids. Although the absolute concentration of 

cholesterol in the seruta varies, the ratio of free to 

total cholesterol remains approximately 1:3 in both 



healthy and diseased states. 

Eed Cell Cholesterol 

It is generally accepted that the cholesterol 

content of the ©rythrocyte is not appreciably affected 

in form or amount by diet or other physiological factors. 

In 1939 Brun (11, p. 1-237) reported that the cholesterol 

of red cells was completely in the unesterified form 

with no difference found in the cholesterol content in 

relation to age or sex. Foldes and Murphy in 1946 

(19, p. 215-218) observed that changes in cell cholesterol 

were relatively small when compared with changes that 

occurred in the serusai cholesterol concentrations in 

various diseased states. 

However, in earlier studies other investigators 

(24, p. 337-34®; 17, p. 15-35) reported that the choles- 

terol content of red cells was changed under some 

circumstances.  In 1917 Knudson (24, p. 337-340) and later 

in 1931 Bodansky (G, p. @2@-@30) noted an increase in the 

cholesterol ester content of red cells during fat absorp- 

tion.  It was reported toy Meiffer in 1930 (35, p. 210- 

21@) that cholesterol esters as well as total cholesterol 

were at a minimum level in the erythrocytes in the winter. 

Eric&son et al. in 1937 (17, p. 15-35) reported that the 

erythrocytes of children contained appreciable ajuounts 

of esterified cholesterol. 
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Behrendt (4, p* 97) in Ms review of the cheaistry 

of cholesterol in red cells stated, "In healthy 

ladiv&duals, rei cell cholesterol differs in two respects 

from that in plasfaa: it varies only within narrow Units, 

and it exists alaost exclusively in the free, i»e*, 

anesterifled, forss." In 1®3S> Brian (11, p. 1*237) reported 

that the concentration of total cholesterol in red ceils 

ranged from 125 to 130 tag per 100 ml in normal human 

subjects. Behrendt accepted this range of cholesterol 

concentrations as aoriaal* 

White Cell and Platelet Cholesterol 

Data on cholesterol in white cells are limited.  In 

1933 Boyd (7, p. Q2S*(|33) reported that the white cells 

contained SO to 100 per cent soore cholesterol than sernam 

and that the cholesterol was largely in the free form. 

The cholesterol content of whit© cells in a gronap of 

eight aoraial yoiang woaen was detersained by oxidative 

methods from weighed samples of  cells separated from 

venous Ibl@od samples« 1© reported that the mean 

concentration per 100 gm white cells was 300 mg  for total 

cholesterol and lB4t nig for free cholesterol with a range 

of 181 to .375 ag and 72 to 420 sag, respectively.  In a 

l&ter study in 1936 ©sing the same method, Boyd (9, p. 

7S@-»74@) determined the iipid composition of white ceils 

in nine patients with chronic myeiogenous leukemia and 
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in eight patients with chronic lymphatic leukeiaia and 

compared the results with values determined for thirty 

normal adults. He reported that the leukemic patients 

differed from the normal individuals in total lipid more 

than they did in total cholesterol. The mean concentra- 

tions for total and free cholesterol, respectively, per 

100 gm white cells were 329 mg {range* 22G-442 mg) and 

272 mg (rang©, 170-435 mg) for chronic myelogQnous 

leukemia and 209 mg (range, 130-323 mg) and i@5 mg 

(range, 97r»2$3 rag) for chronic lymphatic leukemia as 

compared to 320 mg (range, 111-492 mg) and 238 mg 

(range, 72-452 mg) in normal adults* In the same year 

Boyd and Stephens (10, p. 553-560) reported that there 

was no relationship between the total lipids present in 

white cells and the total number of white cells. 

However, they observed that the free cholesterol and 

phospholipid concentrations varied roughly in proportion 

to the neutrophils. 

To the knowledge of the author, only one other study 

of cholesterol in white cells and two, in platelets have 

been reported in literature. In 193S Poole et al. (36, 

p. 1-19) reported that the mean values determined for 

free and total cholesterol per 100 gm white cells in a 

patient with chronic taysloid leukemia were 110 mg and 

130 mg, respectively. These workers stated that the 



concentrations were low compared to the normal values 

reported earlier by Boyd (©, p. 739-743). However, the 

two results were not comparable, since the methods used 

in the determination were different. The platelet 

fraction of the blood was found to contain amounts of 

lipids similar to those present in leukocytes as reported 

by Erickson et al. in 1930 (13, p. 31*35). These workers 

noted that the cholesterol was in the free form and that 

the concentration of cholesterol in the platelets of 

nine children was comparable to that of normal adults. 

In £ more recent study in 1960 Woodside and Kocholaty 

(47, p. 1*15) reported that cholesterol in the platelets 

was mainly in the free form. This study confirmed the 

observations of Erickson and co-workers. 

In 1959 Pescador (34, 57 p.) determined the con- 

centration of cholesterol in the white cells and platelets 

of a few subjects. The white cell-platelet fraction was 

separated from finger-tip samples of blood and the sample 

size was estimated from analysis of total phosphorus. 

The concentrations determined ranged from 1000 to 6000 

mg and 700 to 1300 mg per 100 gm white cells and platelets 

for total and free cholesterol, respectively. 

Lipid Synthesis in the Blood 

It has been generally accepted that all the lipids 

which are present in tissue occur in greater or lesser 
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saaQimtg in the blood. Deuel in Ms classic review of 1955 

(IG, p. 349, 393) coKdude^l that n&  oxidatioa aad little 

or a© syat&esis of llplds, including cholesterol, occurred 

in tin© blood itself. It vms  assumed ttoat tSse llpids 

normally present in the blood were systtsesized by tihe liver 

and other organs of the-body.- The blood was merely tlw 

transportiiag mediMra for iipid© to aad frotu other tissues.. 

Recently, however, a group  of research workers at 

th© National Institute of ledical Research in Lohdoo, 

James, l»©velocl5j Rowe and Webb, and another group of 

research workers tn  the Department of Efedicine at Columbia 

University, Marks, Gellhorn and Kidson, reported that 

lipids were synthesized in whole blood.  In 1050 James 

et al. (23, p. 106-115) and in 10@O JUovelosk et al. 

(27, p. 137-140) demonstrated that acetate-C  incubated 

with huraan whole blood in vitro was incorporated into 

l.ipids.. To determine the sit© of lipid synthesis in 

v/ho'ie blood, the different fractions have been studied. 

Lovelock, Jasaes and Rowe (27, p. 137-140) demonstrated 

that th© lipids in cell-free plasasa showed little or no 

activity when the plasma was incubated with active 

acetate. These tvorkers attributed any activity exhibited 

by the plasma lipids to the metabolic activity of 

platelets which were present in the plasaa after the 

separation of other cells. Marks et al. (31, p. 2578>- 

2583) also reported that the lipid activity in the 
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formed elements was quite different from that of the 

fluid carrying them. 

Since whole blood is a mixture of varying cellular 

elements with known differences in morphological and 

chemical characteristics, Marks and co-workers in 1960 

(31, p. 2579-2503) suggested that different types of 

blood cells varied in their capacity to synthesize 

lipids. Earlier, in 19139, James, Lovelock and Webb 

(23, p.  108-115) showed that the ceils of normal whole 

blood took up acetate from plasma and synthesized a wide 

variety of saturated and unsaturated fatty acids. A 

later study in the same laboratory by Eowe et al. 

(39, p. 310-314) confirmed the ability of both red cells 

and white cells to incorporate acetate-C  into neutral 

saponifiable lipids. On the basis of experimental 

evidence these research workers also reported that the 

white cells were responsible for ail the synthesis of 

unsaponifiable lipids. 

Continuing research at the laboratories in London 

(39, p. 310-314) and at Columbia University (31, p. 2S79- 

2@@3) demonstrated that the leukocyte fraction of normal 

human blood was the major site of iipid synthesis. These 

data also were confirmed by the investigations of 

Buchanan (12, p. 313-320) at St. Mary's Hospital in 

London. Eowe et ai. (39, p. 310-314) observed that the 
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leukocytes, although a thcysaEd times  less numerous than 

erythrocytes in whole blood, contributed considerably 

to the synttsesis of lipids fros: acetate.. That the 

leykocyte^ were more active than erythrocytes in the 

synthesis of lipids was further ©Ejphasi&ed by the work of 

Buchanan <12» p» 31S-320) and Marfes et al.. (3.1, p. 2579* 

2583). In both laboratories it was demonstrated that 

14 
the rate of incorporation of acetat©*C  into lipids of 

the.leukocyte fraction of blood was about a thousand 

times greater than the rate of incorporation into the 

erythrocyte fraction. In some esperlmants the erythro* 

cytes were found to be completely inactive if the sample 

was obtained uacont&min&ted toy leukocytes (12, p. 315«» 

320). Marks et al. (31, p. 2579*2583) also found that 

14 an increase in the concentration of the acetate-^C  in 

samples of loukocytes and erythrocytes resulted in an 

increase of incorporation of active acetate into 

leucocyte lipids, but no detectable increase in erythro* 

cyte iipid synthesis was noted. Differences in the rate 

of incorporation of acetate into lipids of different 

types of leukocytes were reported also. Phagocytiziag 

leukocytes, as compared to resting cells, incorporated 

labelled acetate into cell lipids at an increased rate 

(40, p, 2224*2229). Sbarra and Karvonsky concluded that 

there was increased penetration of acetat©*Cl into ceils 
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during particle Ingestion. 

The platelets as well as the white cells have been 

shown to be an active site of lipid synthesis in normal 

blood. Although the synthesis of lipids in the leukocyte 

fraction was about eighty times greater than lipid 

synthesis in the platelet fraction, Marks et al. (31, p. 

257@-2@@3) attributed 25 to 30 per cent of the lipid 

synthesis in blood to the platelets. 

The question of lipid synthesis by human erythro- 

cytes has been neither proved nor disproved. The reports 

by a number of investigators (2, p. 459-4S0; 23, p. 10G- 

115; 33, IP) indicated that non-nucleated red cells 

synthesized lipids* The more recent study of Marks and 

co-workers in 1960 (31, p. 2579-2533) attributed the lipid 

synthesis in the non-nucleated mature red cells mainly to 

the presence of white cells and platelets contasiinating 

the red cell samples. Earlier, in 1958, the synthesis of 

lipids in the red ceils also was investigated by Marks 

et al. (30, p. 95-105). They suggested at that time that 

the young cells did synthesize lipids, but that lipid 

synthesis by mature erythrocytes was very limited. In 

the same year Prankerd (37, p. 325-331) observed that 

erythrocytes lost the ability to synthesize lipids as 

the cell matured. Ee also found that the lipid content 

of the red cell decreased with aging of the cell. 
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the synthesis of lipids by  erythroeytes of fowl 

blood has been demonstrated. Fowl blood is of particMlar 

interest since the eryttoocytes are niiicieated calls, 

and in this respect fowl blood differs from human blood. 

In a study using blood enriched with mature erythrocytes, 

young erythrocytes and leukocytes, Webb et al. (45, 30P) 

found that the leukocyte-rich fraction was most highly 

14 labelled with acetate-C . However, there was consider- 

able activity in the erythrocyte fraction, the young 

cells being most active, the  lipid fractions, in fowl 

blood, listed in decreasing order of activity, were the 

triglycerides, the phosphoiipids and cholesterol. 

The  exchange of lipids among the blood fractions 

also has been studied. Several studies with radio* 

isotopes indicated that the exchange of lipids among the 

various fractions of the blood took place rapidly but 

the mechanissi of exchange was not as easily deteraiined. 

When cell-free plasma was raixsd with whole blood which 

had been previously incubated with active acetate, Marks 

et al. (31, p. 2579-2383) found that lipids containing 
•3/1 

acetate-C  rapidly appeared in the plasma. James ot al. 

(23, p. 106-115) reported that the rapid exchange of 

lipids between the fluid medium of the blood and the red 

cells and white ceils appeared to be dependent on the 

presence of lipoproteins. the  rate of exchange of lipids 
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exchange of pltiosphoiipids and cholesterol between red 

cell and plasaa lipoproteins. the alpha«lipoprotein 

fraction was most active. 

Following investigations of the exchange of other 

lipid components between red cells and plasma, James 

et al. (41, p. 72~7®)  and Turner (44, p. 310-311) both 

reported that the movement of neutral fat was only In 

the, direction from the red cells to the plasma lipo- 

proteins. They concluded that the red cells might be 

a source of this lipid in the plasma. In a later study 

in 1959 James et al. (23, p. 103-115) found that the 

specific activities of the fatty acids of both the 

phospholipids of the red cells and the lipoproteins of 

the plasma were similar. This group suggested that the 

process of exchange of lipids between the red cells 

and plasma was more rapid than that of synthesis in the 

cell itself. 

The exchange of lipids between the leukocytes and 

plasma was investigated by Buchanan in 1960 (12, p. 315- 

320). Me observed that the appearance of labelled lipids 

in the plasma in which leukocytes were incubated followed 

closely the time course of appearance of labelled lipids 

in the cells. Me demonstrated that lipids in white cells 

were exchanged freely with plasma and could be considered 

an important source of plasma lipid. 
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It casa b© coacluded frou the r©c©nt ia^estigatioas 

with radioisotopes that the concentratioas of lipids In 

th© various fractioas of the  blood result tvom  synthesis 

as well as exch&age and it would appear that the priiacipal 

site of s^iattoesis is In the  lenakocyte fraction. 
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DETEES1INATIONS OF FREE AW  TOTAL CHOLESTEROL 
III BLOOD FRACTIONS 

Methodology Studies 

Method for Analyses of Serum 

The procedure used to determine free and total 

cholesterol in serum is Stirnisaan's modification 

(43, 51 p.) of the micromethod of Galloway et al* 

(20, p. 223-232). Two further minor adjustments in the 

method were made. First, in the procedure for washing 

the cholesterol digitonide precipitates, the supernatant 

solution above the packed precipitate was poured off 

with care rather than being removed by slow suction. 

Second, the optical density of the color produced was 

read at exactly SO minutes rather than 32 minutes after 

the color reagent was added. In a series of analyses 

in which the color was allowed to develop for varying 

periods of time, the optical density of color produced 

was at a maximum between 30 and 3® minutes. 

The precision of this serum method has been 

demonstrated by previous use in this and other labora- 

tories. Since 1957 sixteen laboratories throughout the 

country using ten different methods have been participat- 

ing in a "referee" study of cholesterol methods involvinf 



analyses of replicate aliquots of the same pooled sera 

(22). The four laboratories, Idaho, Oregon, Utah and 

Washington, which used the jaicrometliod of Galloway et al. 

(20, p. 226-238) reported similar results. Although some 

variation in the determined values for total cholesterol 

occurred with the different methods, the differences 

were proportional when sera containing different 

concentrations of cholesterol were analyzed. The micro- 

method of Galloway et al. yielded results consistent 

with those of the Sperry and Webb method but approximately 

10 per cent lower than those determined by several other 

widely used methods. 

In this study the precision of the method as well as 

the uniformity of sampling was demonstrated by the narrow 

range of values determined for the concentrations of 

cholesterol in a control serum and by the agreement of 

values determined for aliquots of the same sample. A 

sample of control serum, prepared according to the 

directions on p. 52, was analyzed with each series of test 

samples. The range of values for total and free choles- 

terol per 100 ml serum were 156 to 162 mg and 39 to 46 

sag, respectively, for five series. The value obtained for 

the control sample in the sixth series deviated from the 

mean by more than 5 per cent, so the validity of the 

results for the entire series was questioned and the test sera 
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TOF© recfoeefcad.    Tfee ^altae© fos? t&e tost ©©IP©, w©ff© 

verified* 

Method fos? Amalyses of Mod Colls 

Tke metlaodl uased to determine two© smd total 

claol©st©s?ol in the sped cell fractioa of the IbloosS ?JSQ 

developed in tMB liilJO£'at©ie,y by We&ea&OT (34,  5? p.) who 

adapted the miefoaaethod of Galloway et al.   {20,  p.  22®- 

232).     Iss 193© Boyd  (8j  p.  37-45),  from Ms otMdy of 

yed cells, 2?©p©:fi?t©<d! that geaefally highes' eoaceatratioas 

were determined tor free thaa total cholesterol in the 

same sample.    Feeeador also eacotaatered! this problem. 

From aa ©vatoation of the wathod asad wemlt® ®totsdm<id, 

it was coasidered that a smdnaciioa in the eoasfSEatratiosi 

of potassium hydroxide weed fos? ©apoaificatioa of 

aliquots IOT total cholesterol aoalyeo© might give 

mor® eoasisteat sfesults.    Therefore, oae slight modifica- 

tion was iatrodsaced into the method In this stssdy.    Oaly 

S microlites1© of approssimately 16.5 per cent potassium 

hydffossid© rathei' thaa 10 microlites's was niaed tor 

sapoaificatioa of the amomts of ©stes*ified cholesterol 

proseat with the appropriate feduetioa in the amorat of 

10 per ceat acetic acid used to neutralize the sample 

after saponlfication was complete. 

In a preliminary series of analyses of red ceils 

slightly higher and more consistent values for total 
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to the directions on p. §2, was  analyzed with each series 

of test samples. However, the values obtained for the 

control samples changed as the study progressed. The 

concentration of total cholesterol determined ranged from 

133 to 73 mg per 100 ml red cells in seven series; in 

four of the series the values ranged from 90 to 110 mg 

per 100 ml red cells. The range of values determined for 

free cholesterol were similar, 121 to 70 mg per 100 ml 

red cells. The mean values obtained for the control red 

cell samples were 103 mg and 98 mg for total and free 

cholesterol, respectively. The range of concentrations 

of cholesterol determined in the control samples of red 

cells indicated the possibility of problems in aliquot 

sampling as well as in analytical procedures. 

Although the results obtained by this method were 

similar to those reported by others, more extensive 

methodology studies are needed to increase the precision 

of the method. Two recommendations are suggested: 

1) that the effect of potassium hydroxide on the deter* 

mined concentration of total cholesterol be investigated 

more extensively, and 2) that the optical densities of 

aliquots for the determination of free and total choles- 

terol in each sample be measured in the same series so 

that small differences in concentrations will become more 

apparent. 
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Method for Analyses of Whit® Cells and Platelets 

The adaptation of the Galloway et al. method {20, 

p. 223-232)by Pescador for the analysis of cholesterol 

in the whit© cell~platelet fraction showed proitise but 

lacked precision* The estimation of the sisse of the 

sample by the determination of total phosphorus appeared 

to be the main problem, because the optical density 

readings of aliquots used to determine the amounts of 

phosphorus were low. Lowry (28) suggested that an 

adaptation of the phosphorus method which had been 

developed for brain analyses might be used for the 

analyses of phosphorus in white cells and platelets to 

improve the precision of the method. 

A micromodifieation of the Fislge<*Subbarow method for 

phosphorus was developed by kowry et al. (29, p. 1-17) 

for determination of five fractions of phosphorus in a 

20 tnicrograiB sample of brain tissue. The adaptations in 

this method increased the sensitivity of the phosphorus 

analysis approximately six fold. The major change was 

the substitution of a one per cent ascorbic acid 

solution for the sulfite and aiainonaphtholsuifonic 

acid in the saolybdate color reagent of the Fisl;e- 

Subbarow method. The use of ascorbic acid resulted in 

the formation of a highly colored second stage reduction 

product with maxioum absorption at a wavelength of 820 
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snja. The colored product produced in  this reaction was 

more stable as well as eaore intense th&n the  first stage 

reduction product, wMcIii tiad a taaxirmasa absorption at 

090 iap, forsaed with the  original Fi$ke<*Subb&row reagent. 

In adapting the I*owry method for the determination 

of total phosphorus in the white cell-platelet fraction 

of the blood, the procedure for determination of the 

llpid phosphorus fraction in brain tissue was used. In the 

jaeasureaieat of cholesterol in the white- cells and 

platelets, the samples were extracted with an acetone-* 

Ottmnol solvent. Therefore, analyses of two fractions 

of phosphorus were required to deteriaine total phospho- 

rus: an organic solvent*lnsolubl© phosphorus fraction 

and an organic solvent-soluble fraction. Fescador 

reported that the amount of phosphorus in the organic 

solvent-insoluble residue ranged from 0.005-0.015 pM, 

whereas that in the organic solvent-soluble phosphorus 

fraction ranged froaoi 0.00£3«-G.0393 pM, tout an aliquot 

containing only one*tenth of this asaount was analyzed. 

The actual amounts of organic solvent-soluble phosphorus 

analyzed were in the rang© of G.00<Q>SQ»<ihO©©9§ )iM. Lowry 

et al.  (29, p. 14) in discussing the sensitivity of the 

phosphorus method for brain analyses stated, "The 

precision of measurement is satisfactory with as little 

as 3 atyigm of P." Three mfgm  of phosphorus would be 
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appjcossiffiately O.OOOl ^M of piiosphoros. 

PemcMor  deterrained that the total phosphorus in 

the white cell and platelet sarapl© ranged up to  approsci^ 

mately @,02O pBS. Burch, Bessey aaa LOTOT (13, p. 4S7- 

470) reported the total phosphos'w.s coateat of white 

cells to toe 61 pM pe^ gm ®i  cells, Usisg the waits© of 

01 JUIM of phosphoETas p©r pa of whit© cells aad platelets, 

the weight of the sample of cells recovered &y Pascados1 

f3?OEa 0.2 ml blood was equal to approKiJuately 325 micro- 

graci©. The size of the whit© cell-platelet saiaple was 

about fifteen times the sise of the brain sample which 

was analysed by Lowry and co-workers. 

Om  the basis of the amount of 70 per cent perchloric 

acid which was used to ash the extract of teaia sample 

for determination of the lipid phosphorus fraction, it 

was estimated that approximately 10 microliters of 70 

per cent perchloric acid was  needed to ash the white 

cell-platelet sample. Eegarding the ashing misstwre, Lowry 

et al. (20, p. IS) suggested, "The final volume may toet 

increased 02? decreased to measure greater or lesser 

quantities of phosphorus, provided the given relation- 

ship of ashing mixture to ascorbic aeid-molybdate reagent 

is maintained.^ The concentrations of 7© per cent 

perchloric acid in the ashing mixtures for the organic 

solvent-insoiuhle and the organic solvent-soluble 
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phosphorus fractions were calculated on the basis of 

the relative size of the white ceil-plutelet sample to 

the size of the brain tissue. Eight times as much 70 

per cent perchloric acid was added to th© ashing mixture 

used for analyses of organic solvent-iasoiuble phospho- 

rus and two times as much for analyses of organic 

solvent^solubie phosphorus as that described by Lowry 

et al. for lipid phosphorus. 

To find out if the ashing mixtures were adequate to 

completely ash the respective fractions of the whit© 

cell-platelet sample, a series of samples was analysed. 

The aliquots for organic solveat-insoluSjle phosphorus 

and organic solvent-soluble phosphorus were all 

completely ashed at the end of the two hour drying and 

two hour ashing periods. The appearance of dark colored 

samples would have indicated incomplete ashing. 

implicate series of phosphate standards were sub- 

jected to ashing treatment with the two ashing mixtures 

followed by appropriate color development to determine 

if the intensities of colors produced were equivalent. 

The optical densities of standard phosphate solutions 

with concentrations ranging from 0.2 to 1.0 mU were - 

measured. Th© optical densities determined for phosphate 

standards treated with the ashing mixture for organic 

solveat-iasolufele phosphorus were one-half th© optical 
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densities determined for those standards treated with 

the ashing mixture for the organic solvent-soluble phos- 

phorus. The standard phosphate solutions for organic 

solvent-insoluble phosphorus were diluted to two times 

the volume with ashing mixture and phosphate color reagent 

as were the standards for organic solvent-soluble 

phosphorus. Therefore, the intensities of color 

produced by the phosphate standards subjected to treat- 

ment by the two ashing mixtures were equivalent. 

In the discussion of the method for determination 

of ascorbic acid in white cells and platelets, Bessey, 

Lowry and Brock (5, p. 197-205) reported that the mass of 

white cells recovered from 0.1 to 0.15 mi samples of 

blood ranged from 0.2 to 0.3 mg. These workers calculated 

the sample size from acid-insoluble phosphorus in the 

white cell sample. Calculating the sample size from the 

measurement of total phosphorus in the white cell- 

platelet sample with the adaptation of the method of 

Lowry et al. (29, p. 1-17) in  our laboratory, it was 

found that the weight of the white cell-platelet sample 

recovered from approximately 0.2 ml samples of whole 

blood averaged 0.25 mg. The concentrations of total 

phosphorus determined ranged from 0.005 to 0.030 pM 

corresponding to 0.08 to 0.50 mg of white cells and 

platelets. The similarity of mass of the white cell- 

platelet samples, isolated by identical procedures but 
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estimated by the tw> methods of phosphorus analyses, 

increased confidence in the reliability of the estimate 

of total phosphorus from the analyses of the organic 

solvent-insoluble and organic s©lv©at*soluble fractions. 

In addition to the changes in tfe© phosphorus 

analyses, certain other changes in teehaiqu© and pro- 

cedure Tvere introduced into the method developed by 

Pescador (34t  57,p*) for greater precision or convenience. 

The t?hit© cell*plat©let samples were'laked in 30 

microliters of redistilled water rather than 15 micro* 

liters to assure the complete rupturing of the ceils and 

more complete extraction of lipiels and organic solvent* 

soluble phosphorus. 

The acetone-ethanol extraction mixture of white cells 

and platelets was heated only after the second extraction 

rather than after both extractions, When the mixture was 

heated after the first extraction, a coarse precipitate 

was formed. To find out whether or not the formation of 

the coarse precipitate affected the complete extraction of 

any remaining cholesterol and organic solvent-soluble 

phosphorus when the precipitate was extracted with 

acetone-ethanol the second time, the effect of heating the 

mixture after both extractions was compared to the effect 

of heating the mixture only after the second extraction. 

The values obtained for cholesterol concentrations in 

white cell-platelet samples using each method were not 
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consistent. In some cases the cholesterol concentration 

determined was higher when the mixture was heated only 

after the second extraction, whereas in other samples the 

cholesterol concentrations determined were higher when the 

mixture was heated twice. However, on the basis of the 

character of the precipitate which was formed when the 

extraction mixture was heated, the procedure of heating 

the mixture only after the second extraction was adopted. 

The contents of the tubes containing the acetone* 

ethanol extract for determination of cholesterol and 

organic solvent-soluble phosphorus and the tubes 

containing the organic solvent-insoluble residue were 

evaporated to dryness as a cold oven was heated to 110oC 

rather than while the tubes were held in a hot water 

bath. In order to determine if the evaporation of the 

solvent at the higher temperature had any effect on the 

cholesterol or the phosphonae present, the concentrations 

of standard solutions and blanks were analyzed using the 

same procedures as for samples. 

A standard solution of cholesterol in acetone- 

ethanol was prepared and treated exactly like the acetone- 

ethanol extracts for determination of cholesterol in white 

cells and platelets. The purpose of the Investigation 

was to determine uot only if the temperature of 

evaporation caused any change in the cholesterol molecule 

but also to find out if the cholesterol was completely 
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re-extracto^ with acetone~ethanol after evaporation. 

Little or no difference was observed between the optical 

densities measured for cholesterol samples which were 

evaporated and those samples which were not heated. The 

mean optical densities measured for those samples treated 

as total cholesterol were 0.120 (range, 0.117-0.124) for 

heated samples and 0.122 (range, 0.117-0.124) for non~ 

heated; the optical densities measured for those samples 

treated as free cholesterol were 0.120 (range, 0.110- 

0.123) and 0.120 (range, Q. 3.18-0.122) , respectively.  It 

was concluded that the temperature used to evaporate the 

acetone-ethanol solvent did not affect the final 

concentration of cholesterol present and that the re- 

extraction of cholesterol with acetone-ethanol was 

complete. However, the cholesterol digitonide precipitate 

was much finer in the samples which were evaporated. 

Standard phosphate solutions and blanks for both 

organic solvent-soluble and organic solvent-insoluble 

phosphorus were prepared and analyzed to determine if 

there was any difference in the final colors produced in 

samples that were evaporated as compared to samples that 

were not evaporated. The mean optical densities measured 

for aliquots of a 0.2 mil phosphate standard which were 

evaporated were 0.205 (range,'0.197*0.223) and 0.100 

(range, 0.0^4*0.103) for those treated as organic 
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solvent*solTuble and organic solvent^ins'alubie phospliorus, 

respectively. These optical densities w©r© comparable 

to the optical densities obtained for aliquots of 

standards that were not evaporated, 0..2©6 (range, 0,192*» 

3.226} and 0.102 (range, 0.008*0.lOO), respectively. The 

evaporation of  the acetoae-stliaaol solvent resulted in 

no apparent change in the phosphorus that was measured 

by this method. 

One problem encountered in the analysis of choles- 

terol in white cells and platelets was the low optical 

density of color developed in the Liebermann^Burchard 

reaction. Since the 375 microliter aliquots of the 1 ml 

&cetone<*ethanoi extract of the cells could not be 

increased and still allow for duplicate analysis, the 

optical density of color was increased by decreasing the 

volume of glacial acetic acid into which the isolated 

cholesterol was dissolved and by decreasing the volume 

of color reagent proportionately. For the color 

reaction only 25 microliters of glacial acetic acid and 

50 microliters of the Liebermama-Burchard color reagent 

rather than 50 and 100 microliters, respectively, 

were added to the cholesterol digitonide precipitates. 

The higher optical density readings resulted in an 

increase in the precision of the method with less 

variation between aliquots although the optical densities 
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rae&sured still were ge&eyally less than ©,100. 

Control sasnples of white cells aad platelets, 

prepared according to the  directions on p. 52,. were 

analysed with each series of test ©ampios. The range of 

values detertaiaed for the control sasjple in twelve series 

of analyses were 863 to 1132 rag per ICO gm for total 

e&oloissterol and 412 to 757 ©g per 100 gas. for free 

cholesterol. The mean values calculated with their 

standard error© .(42, p, .41) for total and .free cholesterol 

were .928 <b 25 rag per 10.0 g© and 544,* 33 rag per .100 gm, 

respectively. Store.variation in results was .observed 

among the free cholesterol ali<guots than total cholesterol 

aliqvQts* BecmJse the values obtained,for the control 

were within a characteristic range, it was felt that the 

concentrations of cholesterol in the test samples were 

representative values. The value for the control sample 

in a thirteenth series was low, about @S5 mg.for total 

cholesterol, and the values for the test samples in that 

series appeared to be lifeewise affected. Additional cell 

samples for repeat analyses were not available. 

The accuracy of the white cell-platelet method 

appears to foe affected by two factorsz    1) the indirect 

estimate of sample size from the calculation of total 

phosphorus which involves two separate determinationsj 

and 2) the low optical density readings of the cholesterol 
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aliquots.  In 1955 Albors and Lowry (1, p. 1823-1831) 

developed a method for the fluorometric determination of 

cholesterol in small samples of animal tissues. The 

reliability of the coloriwetric Liebermann-Burchard 

reaction prompted an investigation of the possibilities 

of measuring the fluorescence of this same reaction. The 

procedure was based upon the formation of a stable 

fluorescent product of maximum sensitivity. When a 

comparison was made between the fluorometric and the 

colorimetric procedures, no significant difference was 

found between the values obtained by the two methods. 

Albers and Lowry reported that the substitution of 

fluorometry for colorimetry in the measurement of 

cholesterol had several advantages: 1) higher sensitivi- 

ty was obtained without sacrifice of precision; 2) the 

fluorescence produced by the reaction was stable for some 

time; and 3) free and esterified cholesterol gave almost 

the same final fluorescence on an equimolar basis. The 

determination of cholesterol in the white cell-platelet 

fraction by a fluorometric method to increase the 

precision is a possibility for future studies. 
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Method 
 n 

Reagents 

1. Solvents: Acetone-afesolute ethaaol (1:1); 

acetone-aether (1:2). Ether, tested peroxide- 

free. Acetone and ethanol redistilled. 

2. Acetic acid, glacial (A.C.S.). 

3. Acetic acid solution, 10 per cent in alcohol. 

4. Acetic anyhydride (A.C.S.). Refrigerated after 

opening. 

5. Sulfuric acid, concentrated, C.P. 

©. Digitonin solution, 0.5 per cent in 50 per cent 

alcohol. 500 mg of digitonin was made up to 

100 ml  with approximately 50 per cent alcohol. 

7. Potassium hydroxide solution, approximately 16.5 

per cent. Approximately 33 per cent potassium 

hydroxide solution was made by dissolving 5 gsa 

of pure potassium hydroxide in 10 ml of freshly 

hoiled and cooled redistilled water. Three mi 

of approximately 33 per cent potassium hydroxide 

solution was mixed with 3 ml freshly boiled and 

cooled redistilled water. This solution was 

made every two weeks. 

8. Phenoiphthalein solution, 1 per cent in alcohol. 

9. Potassium oxalate, 1.® per cent, made from an 
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8 per cent solution. The 1.6 per cent solution 

was made fresh each time from the 8 per cent 

solution which was kept refrigerated. Approxi- 

mately $ per cent potassium oxalate solution 

was made by dissolving § gm potassium oxalate 

in 92 ml redistilled water. 

10. Ashing mixtures: Perchloric acid, 70 per cent, 

as purchased and used undiluted. Sulfurie acid, 

20 N. 55.5 ml of 36 N sulfurie acid was made up 

to 100 ml with redistilled water. 

Ashing mixture I for organic solvent-soluble 

phosphorus: 3.25 ml of 70 per cent 

perchloric acid was mixed with 25 ml of 20 M 

sulfurie acid and diluted to 100 ml with 

redistilled water. 

Ashing mixture II for organic solvent- 

insoluble phosphorus: 6.5 ml of 70 per cent 

perchloric acid was mixed with 12.5 ml of 20 

N sulfurie acid and diluted to 50 ml with 

redistilled water. 

11. Phosphate color reagent: 0.25 per cent ammonium 

molybdate in 0.1 H sodium acetate, to which was 

added just before us® 1 ml of 10 per cent 

ascorbic acid per 10 ml of solution. The 

ascorbic acid was dissolved in redistilled water 

just before use. After addition of ascorbic 
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acid, the solution was kept in ice water and 

used within an hour. 

0.25 gtn aaunonium molybdate dissolved and made to 

100 ml with 0.1 N sodiuim acetate. 

10 per cent ascorbic acid: 100 mg  of ascorbic 

acid in 1.0 ml volumetric flasks (or 200 mg in 

2 ml; 300 mg  in 3 ml volumetric flasks). 

12. Stock standard solution of cholesterol in glacial 

acetic acid, 100 mg per 100 ml. 

100.0 mg of cholesterol (Eastman) dissolved and 

made up to 100 ml with glacial acetic acid. 

13. Working standard solution of cholesterol. 

0.05 mg per ml: 5 ml of stock solution made up 

to 100 mi with glacial acetic acid. 

0.10 mg per ml: 5 ml of stock solution made up 

to 50 mi with glacial acetic acid. 

14. Stock standard solution of phosphate in water, 

10 mM stock solution. 

GS0 mg KBJPO.  dissolved and made up to 500 ml 

with water. 

15. Working standard solution of phosphate, 0.2 mil 

solution. 

2 ml of stock solution diluted to 100 mi with 

water. 



Equipment 

1. BaffdMParker Blad© Mo.  11. 

2. Ses'ological tabes,- 6 x 50 

3. Footed glass stiryisag a?ods with small, balled 

©ads, 

4. Coastriction pifettes■approsiaately S, 1©, 30, 

60, 100, 110, 200, 45© and S00 mleroliters. 

Coastrictioffii pipettes calibrated according to 

weight of .water'deliveredt 8.6, 27.3, 41.1, 

52*7,  97.5, 206.0 and 335.5 laicrolitesrs. 

The  pipettes wesm  cleaned hf  suction with 

redistilled water and redistilled acetone. 

5. Constriction pipette, wide tipped, filmed with 

Parowax, approximately 10© saics'oliters. The 

ineid© is paraffined hf  heating the pipette, 

macMng up  the molten paraffin, blowing it out, 

and whil© still blowing, cooling with water* 

@. Syringe pipette, set at 0.2 ml  volume, and 

syringe holder. 

7. Befrigerated centrifuge with automatic timing 

device. 

S. Transfer pipettes with constriction and long 

fine point, not calibrated. 

9. Stop watch; minute minder. 

10. Buzzer, mechanical agitator. 
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11. Voo&eu rac&s to faoM 1 ml volwaetric flasks. 

12. Metal racks to hoM S x 50 snia tubes. 

IS,    Qm® ml volumetric flasSss with stoppers. 

14.    Rmbfeer stoppers. 

13. VolumQtric pipettes aad volumetric flasks. 

16*    ©eelsiiam 8pectro|»botometey, Giodel OU, with. 

ssjicroattacteeat. 

17. Water bath* 

18. Sand batih. 

19. Ovens set  at 2®0Ct  3f
0C, ®$>0C}  103*11O

OG, 105OC. 

20. Glsss vials, approximately on® ml,  for collecting 

blood. 

Procedure 

Analyses of Seruam 

Extraction and sampling, With a constriction pipette 

40 microliters of serum was delivered into a 1 ml 

volu&ietric flask containing 0,4 sal of acetone-etftanol 

(1:1), while the flask was held against the rotating bar 

of a mechanical agitator (referred to as the buzzer) to 

set the solvent swirling. The contents of the flask were 

aixed thoroughly by buzzing and then brought to a boil by 

placing the flask in a boiling vmtev bath for @ seconds. 

Cooled iuaediately to room tenperature, the contents of 

the flask were suade up to exactly 1 ml voiusae with 
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acetOKQ-etaanol. Ttee flask was  stoppered and feuszed. The 

extraction Eiixtwres were centrifuged at O^1 for 30 

minutes at 2800 rpaj the precipitate was pacfeed suf- 

ficiently to allow aliqnots to he  measured directly £vom 

th®  flask. 

Triplicate 100 tnicroliter aliquots of each extraction 

filtrate were pipetted into © x 50 mm tubes for the 

determination of total cholesterol and duplicate 200 

saicroliter aliquot® were measured similarly for free 

cholesterol detersainations. 

Precipitation of total cholesterol* To the 100 

mlcroliter aliquots in the 6 x 50 mm tubes, 5 microllters 

of IS.5 per cent potassium hydroxide was added* The tubes 

were carefully bussed until the potassium hydroxide was 

finely dispersed and then were placed in a 380C water 

bath for 30 minutes. After the tubes were removed from 

the water bath and cooled to room temperature, 110 

saicroliters of acetone-ethanol was added to bring the 

total volume to 200 taicroiiters. 

Using 5 microliters of phenolphthalein as an end 

point indicator, approximately 15 microliters of alcoholic 

10 per cent acetic acid was needed to bring the contents 

1. International Portable Refrigerated Centrifuge, 
Model FE-2, International Equipment Company, 
Boston, Massachusetts. 
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Just to excess acidity. Fifteen aiieroliters of 

alcoholic 10 per c©at acetic acid was  a«M©d; complete 

disappearasace of the indicator color was checked after 

vigorous fouzztng.    If a slight color remained, aa 

additional 5 microliters of acid was added to insure 

excess acidity. Following the addition of 100 micro* 

liters of dlgitonln solution, the tubes were mixed 

vigorously on the buszer, closed tightly with rubber 

stoppers and stored over-night at roosi temper a ture. 

Triplicate blanks of 100 nicroliters of acetone-ethanol 

were treated in a similar manner. 

Precipitation of free cholesterol. To the 200 

sraicroliter aliquots in the 6 x SO tubes, approximately 

3 microliters of alcoholic 10 per cent acetic acid and 

100 microliters of digitonin were added to each tube. 

After buzzing,  the tubes were closed tightly with rubber 

stoppers and allowed to stand over«»night at roou 

temperature. Triplicate blanks of 200 microliters of 

acetone«*ethanoi were treated in a similar manner. 

Washing of cholesterol digitonide precipitates. 

The next day the rubber stoppers were reiaoveti, each tube 

was bussed gently to free any precipitate clinging to 

the sides, and the tubes were centrifuged at 2800 rpn for 

30 minutes in the refrigerated centrifuge. The super- 

natant was poured off carefully, and the tubes were 
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allowed to ds?aiii brief if. Th® walls of the tubes wer© 

wasSioi down witfe ©.2 ml of fleshly aada acetone-ether 

(1:2) issiBg a 2 ml sysriuge pipette adjusted for delivery 

of this amount. The tufee© were bussed to wash the 

precipitate aad thesa eeatrifuged for 30 Ejiautes* The 

sispernataut vms  re!3SO¥ed as above. 

Th© precipitates for total cholesterol deterraiaations 

WQWe washed oace nore ia the same taaaaer using ether. The 

precipitates for free cholesterol deterninatioas were 

washed twice saore with ether. Th© tubes were placed in 

a @@0C water bath for th© ©vaporatioa of all reraaiaisag 

ether froia the precipitates.  (The samples could be 

stored several days at this stage.) 

Bryiiag of cholesterol digitoaide precipitates. 

Sample tubes were placed ia order ia a rack ia a shallow 

paa of preheated saad. The coateats of the tubes were 

dried for 30 aiautes ia saad Mept at 105-110oC ia aa ovca. 

(Dolor developmeat. Th© paa coataiaiag th© saiapie 

tubes was removed txm  th© ovea aod to each sample tube 

ia tura was added 50 microliters ©f glacial acetic acid 

while the tube was rotated allowiag the acid to wash 

dowa th© walls of the tube. The tube was tapped to mix 

aad replaced ia the hot saad for approxioiately 30 secoadg 

wteile acid vms added to three more tubes; these tubes 

were placed ia saad ia tura. The tubes were removed one 
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at a time to a rack at room  temperature. This procedure 

was coatimaed until all the  tubes had heen  sisaiiarly 

treated. The  reageat blaaks were handled in ttie sasae 

ismmier. Triplicate aliquots of 50 saicroiiterd of work- 

ing standard, wMch contained 3 aicrograms of cholesterol, 

were placed at the beginning  and at tho end  of the  sample 

tubes, fllty snicroiiiters oi  glacial acetic acid in 6 ss 

50 mm  tubes served as a standard Iblanls; t&e tubes were 

prepared in  triplicate and placed at the beginning of 

the  sample tubes. The Liebermann-Bureftard reagent, 

acetic anhydride and concentrated sulfuric acid (20:1), 

was prepared and held in an ice bath; in preparation the 

solution was agitated as the acid ^as added drop by 

drop to the ic©-©©ld acetic anhydride, the Lisborsaaaa- 

Burchard reagent was allowed to develop 10 sainutes. One 

hundred microliters of this reagent was added to each 

tube; the color reagent v;a@ added to three tubes every 

two nimites. The  samples were buzzed and the tubes were 

placed in a 280C water bath in a dark cabinet for color 

developuent. friplicate aliquots were transferred to 

the saicrocuvettes by pipette. At ©acactly thirty ieiautes 

after the addition of color reagent, optical densities 

were measured at a wave length of 635 mp>  (without filter) 
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in the spectrophotometer against a reference solution of 

glacial acetic acid. Solutions were drawn out of the 

cuvettes with suction facilitated by the use of 

polyethylene tubing of fine diaaieter; the cuvettes were 

not washed between readings. 

Recommended use of the Liebernann-Burchard reagent 

for addition to saiaple tubes is limited to a thirty 

minute period. Hence, the number of samples which could 

be measured in a single series was limited. 

Calculations. 

Total and Free Cholesterol in Serum; 

mg cholesterol per 100 ml serum - 

8 B x sag cholesterol x 100 
Bgtd      in Std     Volume of serum in aliquot 

where Dg = density of serum aliquot 

ID - density of reagent blanls 

®Std = <361asi*y ^  tSie standard 

isolation of Bed Cell and White Cell-fflatelet Fractions 

Blood samples were obtained from the finger-tip 

using a Bard-Parker blade No. 11 and were collected into 

small vials. With a paraffin lined pipette, approximately 

1. Beckman Spectrophotometer, Model Ml, Bectoaa 
Instruments, Inc., Fuilerton, California. 
Equipped with microattachment, ^yroceil 
Manufacturing Company, 207 East ©4th Street, 
Hew York, Mew York. 
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0.1 ail aliquots of fresh blood were delivered into 6 x 50 

mm  tubes containing 0.5 nl of  1.6 per cent potassiwo 

oxalate. The samples were mixed gently with footed 

stirring rods to assure even distribution of the cells 

and centrifuged at 550 rpia for 12 minutes at 0oC. About 

two-thirds of the supernatant containing the white cells 

and platelets of each of two tubes were transferred to 

another 6 x 50 mm  tube. The transferred sample was 

recentrifuged at 500 rpm for 10 minutes to separate any 

red cells which might be present in the suspension. If 

red cells were present in the tube, two-thirds of the 

supernatant was transferred to another 6 x 50 mm tube and 

treated as described in the next paragraph. In the 

original tubes containing the red cells, the supernatant 

solution that remained together with the upper layer of 

red cells was drawn off by suction and discarded. 

The tubes containing the supernatant with white ceils 

and platelets and the tubes containing the red cells 

were centrifuged at 2800 rpm for 20 and 60 minutes, 

respectively. The supernatant liquids above the packed 

cells were drawn off by suction and discarded. 

Analyses of Red Cell Fraction 

Extraction of lipids and measurement of aliquots. 

With a constriction pipette 40 microliters of red cells 
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was delivered tat© a tube contaiaiBg 100 mioroliters ©f 

redistilled water. The mixture  was taszed aad allowed 

to staad for at least 5 minutes  to lake tiiy cells. At 

t&is poiat ttoe saiaples were frozen for future analyses* 

At tli® tine of analyses, th®  samples of laised red cells 

were tharceti in a 33 Cvrnter toatlbi for 30 minutes and 

cooled to roon temperature. Tik© contorts of th©  tubes 

were ajixed by gentle feuaaing to distribute the cells for 

uniform saEspIing. Duplicate 40 mlcroiltor  aliquots of 

laked cells were pipetted into separate 1 ml volumetric 

flasks containing O.f ml  of acetone«®tMn©l mixture 

(1:1). in order to obtain fine precipitates, tiae 

acetone-etfranol aixture was kept in motion while the 

laked cells were added by holding the flask against the 

buzzes',    the  contents of the flasks were nixed thorougMly 

to facilitate extraction. The extraction mixture was 

made up to exactly 1 ml  in wotaa© with acetone-ethanol. 

The flasks were stoppered, bugged and centrifuged for 

30 siinutes at 2300 rpa in the refrigerated centrifuge 

(0oC). The precipitate was packed so well at the bottom 

of the flasks that aliquots of the acetone-ethanol 

extract for cholesterol analyses were measured directly 

frocs the flasks. 

Two hundred microliter aliquots of the acetone- 

ethanol extract ©f red cells were pipetted into 6 x SO 
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tubes for duplicate deterniutatiosa of both total an& 

free cl&olesterol. 

Preeipitatio® of cholesterol digitoiBlde« T&e 

acetone-etiiaiioi extracts of red cells for total and free 

cholesterol were treated as described in the serum.method 

except that the additional 110 taicroliters of acctoae- 

ethanol was not  added to the total cholesterol extracts 

after sapoiaificatioa with base. 

Washing and drying of cholesterol digltonlde 

precipitates and color developneat* The procedures used 

in the 7/aslhiag and the drying of the cholesterol 

digitonide precipitates and in the development and 

sieasurement of .color were the same as those described in 

the serun method. 

Calculations. 

Total and Free Cholesterol in Red Cells: 

Big cholesterol per 100 ml  red cells = 

®R~®B x ag cholesterol in Std. x      100 
Bgt „ Voiwaie of red 

cells in aliquot 

where Bm  = density of the red cell aliquot 

B. = density of the Iblank 

B   = density of the standard 

Analyses of White Cell-Platelet Fraction 

Extraction of lipids and phosphortus and iaieasureiient 

of aliquots. The 0 x 50 mm  tubes containing the whit© 
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eell-plaielet fraction were buzzed.to  distribute th©  cells. 

The  cells were laked in 30 uicroliters of redistilled 

water and allowed to stand for 5 aiisrates. the  samples 

were frozen for future analyses. At the time of  analyses 

th®  contents of the tisbes were allowed to warsa to room 

temperature before extraction tilth  acetone-etkaisol. Five 

liundred microliters of acetoae-etfeaa©! was added slowly 

wMle the  contents of the tube were kept in motion fey 

holding the tuhe  against the huzmT*    Tfe© uixtur© was 

ceatr&fuged at @0C at 2800 rpn for -30 sainMtes t© pack the 

precipitate, the  extract was sucked off as close to the 

precipitate as possible nasing a 480 Eaicroliter pipette 

and transferred to a 1 ml  voltaiaetric flas^. To avoid 

any distmrfeanc© of tto© packed precipitate wMl© 

transferring th®  extract, the tuatoes were left in the 

ceatrifnige carriers and the carriers \7ere placed on ic© 

to &©ep th© solutions cold. Fiv® hundred esicroliters of 

acetone«ethanol was added in a similar uanaer for a 

second extraction. Following the second extraction the 

aiixtmre was brought to a boil toy placing the tuhe  in a 

boiling water bath for @-10 seconds. Th© nixture was 

centrifuged in the same manner as before and the extract 

was transferred to the volranetric flask containing the 

first extraction. Acetone-©thanol was added to bring 

the ^olme to exactly 1 ml;  the contents of th© wlumotric 
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flasks were nixed with car© on the buzzer.. 

From the 1 sal volumetric flasks containing the 

acetone-ethanol extracts of white cells and platelets, 

duplicate 95 saicroliter aliquots were pipetted into <&  x 

50 sum tubes for analysis of organic solvent-soluble 

phosphors and duplicate 375 saicroliter aliquots were 

pipetted into 0 x 50 mm  tubes for determinations of 

cholesterol. Two aliquots fron one extraction were used 

for total cholesterol analysis and two aliquots from 

another extraction were used for free cholesterol 

analysis. The organic solvent-insoluble precipitates 

from the white ceils and platelets in the 0 x 50 mm  tubes 

were analyzed for organic solvent-insoluble phosphor^©. , 

Blanks and standards for organic solvent-soluble 

phosphorus, were prepared by adding 10 maicroliters of 

redistilled water and 10 microliters of a 0.2 tall 

phosphate standard, respectively, to 95 microliter 

portions of acetone-ethanol. The blanks were prepared in 

triplicate, while two sets of triplicate standards were 

prepared. Two sets of triplicate tubes containing 10 

saicroliters of a 0.2 mil phosphate standard and triplicate 

tubes containing 10 microliters of water as a blank were 

prepared for organic solvent-insoluble phosphorus 

determinations. Two triplicate sets of 375 saicroliter 

aliquots of acetone-ethanol were pipetted into © x 50 
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tubes to serve as blaaUss ia the  detawmiaation of total 

aad fr©© cliolest©!'©!. 

Tk© s©ts of tafees fos* ^©tes'miaiag orgaaic solvent*, 

soluble glso^phorys ■ organic solveat-'iasoliislble pfeosplio- 

TUS    aas3 total aa«2 fr©© 'cholesterol, witl respective 

blaafes aad! pfeos^hate standards, were placed ia a sarad 

Ibatb ia a cold oven., the coateots of the tMbes were 

evaporated as the ©weal was heated to 110oC,. The sets ©f 

tutoes '©ere removed from  the oven  as the acetoae-etHiaaol 

solveat was evaporated,  (fhe tufees eoataiaiag 

precipitates ©f orgaaic solveat^solable aad orgaaic 

soiveat-iesolu&le phosphorus - could foe stored.) 

agecipitatioa of cholesterol digitoaide. While the 

tubes were still hot, 100 saicrollters oi  acetoae^ethaaol 

was added to the tubes for total cholesterol detenaiEatioa 

and 200 raicroliters of the solveat waa added to the 

twfees for  free cholesterol deienmiBatiosa to re*extract 

the cholesterol ia the sample. The procedures for 

precipitatioa of total aad free cholesterol were the 

same as those described ia the serun method. 

Washing aad dryiag of cholesterol digitoaide 

precipitates aad color developgeat. The aaethod used ia 

mshiag the cholesterol digitoaide precipitates was the 

&me  as that outliaed ia the serum method except that 

the superaataat solution ^as drawn off as completely as 
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possible without disturbing the packed precipitate using 

a fine tipped transfer pipette connected to slow suction. 

The procedures used in the drying of the cholesterol 

digitonide precipitates and in color development were the 

saiae as those described in the serum method except in the 

development of color only 25 siicroliters of glacial 

acetic acid and 59 microliters of the Lieberaiaan-Burchard 

reagent were added. 

Betertaiaatioa of organic solvent^insoluble phospho- 

rus. The  tubes' were 'placed in order in the racks with 

one space between each tube to assure more uniform 

heating. To the <$• x 50 mm tubes. containing the white 

call-platelet residues, SQ micr©liters of ashing mixture 

II was added.; The samples were mixed by gentle tapping 

and dried for 2 hours in an oven maintained at 950G 

measured near the rack of tubes. After 1 hour the tubes 

were removed and tapped gently to wash down any adhering 

precipitate on the sides of the tubes and the tubes were 

returned to the oven for the remainder of the drying 

period. At the end of the 2 hour drying period, the tubes 

were held overnight in a desiccator. The tubes were 

transferred to a 1650C oven, the temperature measured 

near the rack of tubes, to ash for 2 hours. At the end 

of the ashing period the tubes were clear. The tubes 

were cooled to room temperature. Four hundred microliters 
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of ice-cold phosphate color reagent was added to each 

tube while the tube was held in aa ice bath. The contents 

of the tube were mixed iMHBediately and thoroughly with the 

buzsser. The tubes were capped with Parafiltn and 

incubated at Z70C for 2 hours. At the end of the color 

development period, the contents of the tubes were mixed, 

with the buzzer and transferred to microcuvettes. 

The optical density of the color produced was measured in 

a leckman Spectrophotoaieter, Model DU, with micro* 

attachment at a wave length of 830 m)i (without filter) 

using 0.1 N sodium acetate as the.reference solution, 

Determination of organic solvent-soluble phosphorus. 

To the G x 50 mm tubes containing acetone-ethanol 

soluble phosphorus from the white cells and platelets, 

4© saicroliters of ashing mixture I was added. The 

samples were mixed by gentle tapping, dried and ashed by 

the same procedure described for the determination of the 

organic solve®t*insoluble phosphorus fraction. Two 

hundred saicroliters of phosphate color reagent was 

added to each of the cooled tubes while the tubes were 

held in ice water* The tubes were mixed immediately and 

thoroughly, capped with Baragiln and incubated at 370C 

for two hours. The optical densities of the color 

produced were measured by the same procedure described 

for organic solvent-oinsoluble phosphorus. 
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Calculations. 

Total and Free Cholesterol in White Cells and 

Platelets: 

tng cholesterol per 100 gm white cells and platelets = 

w"' B JJ mg cholesterol x ^^ 
JJ        in Std      Weight of white cells and 
Std platelets in sample 

where D^ = density of white cell-platelet aliquot 

Dg = density of blank 

%td = density of standard 

Weight in grams of white cells and platelets in 

sample =     uM total phosphorus 
61 JJM phosphorus per gm white 

cells and platelets 

pM Total Phosphorus: 

fiM total  = utt organic solvent-insoluble phosphorus 
phosphorus 4- pM organic solvent-soluble phosphorus 

organic solvent-insoluble phosphorus = 

Dpr% x fiM phosphorus in Std 
DStd 

where Dp = density of phosphorus 

B^ = density 0f blank 

DStd - density of standard 

organic solvent-soluble phosphorus - 

? ^ x ]xM phosphorus in Std x 10 
^td 
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Preparation of Coatrol Samples of Serura, Eed C©11 
 anff WKite eeil-MaleletTracHons """— 

The control serusa was prepared from reconstituted 

freeze-dried serum.  About 100 eiicroliter ali^uots of 

serum were measured into 6 x 50 ram tufeesj tine taatses were 

closed tightly with rubber stoppers aad stored at «*50C* 

Control saaiples of red cells and of wfeite cells and 

platelets were separated irosa a venous blood sasaple* 

One ailliliter aliquots of whole blood were delivered 

into 12 x 1©0 mm  tubes containing 5 ml of 1.6 per cent 

potassiuu oxalate. The tubes were inverted twice t© 

distribute the cells unifornly throughout the oxalate 

and to prevent the clumpiag of cells. The white cell- 

platelet fraction was separated from  the red cell fraction 

by differential centrifugation* The supernatant solution 

containing the white cell-'platelet fraction was trans- 

ferred to 10 x 75 mm  tubes, the remaining supernatant 

above the red cells together with the top layer of cells 

was drawn off by suction and discarded. 

The tubes containing the suspension of white cells 

and. platelets and the tubes containing the reamining red 

1. Clinical Chemistry Control Seru®, l<ot 8fe 
3@9£1, Ilyland Laboratories, hoa  Angeles, 
California. 
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cells were caatsifmged! at 3S00 vpm for 20 and SO aaiautes, 

respectively. 

Afeotat ooe-fealf of the oxalate a&ove the pac&ed wHaite 

cells aad platelets was removed fe^ swctioa aad discarded. 

The  tubes were buzzed to distribute the cells and tMe 

suspensions containing the white cells and platelets were 

cofflMaed. About 37S uicroliter ali^uots of the suspension 

were pipetted into 6 x 50 mm  tubes. To obtain as uniHorsa 

saraplisag of the cells as possible, the suspension was 

mi^od each tirae a sample was saeasured. 

The <8 x 50 mm tubes containing about 375 microliter 

aliquots of white ceils and platelets suspended in 

©xalate ivere centrifuged for  20 ainutes at 2800 rpsa. 

The  supernatant solution above the packed cells was drawn 

off toy slow suction and discarded. The tubes were buzzed 

to distribute the cells and the cells were lalsed in 30 

uicroliters of redistilled water. The tubes were closed 

tightly with rubber stoppers and held at -g0C. 

The supernatant solution above the pac&ed red cells 

as well as the top layer of. cells were drawn off by slow 

suction and discarded. The samples were pooled in on© 

tube and 40 microliters aliquots of red cells were 

pipetted into 6 x 50 tm tubes containing 100 laicroliters 

of redistilled water taising care to thoroughly rinse the 

pipette. The tubes containing the control samples of 
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red cells wete  closed tightly with rubber stoppers apd 

held at *»50C.. 
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CONCENTRATIONS OF CSOLESTEEOL IN TIE 
BLOOB FRACTIONS OP TlffiNTY SUBJECTS 

Description of Subjects 

The concentrations of free and total cholesterol 

were determined in the blood fractions of 12 women and 

Q men  encompassing a wide range of ages. Although a few 

subjects had known organic disorders, all were active 

professionally or as homeeaakers. Data on sex, age, 

height, weight, known organic disorders, medications, 

and foods limited in the diet are tabulated in table 1, 

Procedures ■ 

Fasting blood was drawn from the finger-tip with a 

Bard-Parker blade. The blood was collected into small 

vials. About 3 to 4 ml of blood was collected for serum, 

red cell and white cell-platelet separation, cell counts 

and blood smears for differential stains. 

For determination of serum cholesterol the sample of 

whole blood was allowed to clot and then was centrifuged 

at 0oC for 1 hour. The serum was transferred to a © x 50 

mm tube vhxch was closed tightly with a rubber stopper and 

stored at -50C until analyzed. At the time of analysis 

the frozen serum was incubated at 330C for 30 minutes, 

cooled to room temperature and buzzed gently to assure a 

uniform sample. The serum was sampled in duplicate for 

analyses of free and total cholesterol according to tho 

micromethod on pages 37 to 42. 



IfaM© 1 SS 

§©», %<is igfcight, W^igM, Kaocm Qrga©i<s Disc^de^e, aibdicationB, 
.. .oistta ^oosis Limited ia ttoe B4©t ©f Too&ty Ssa!bJ®©t© 

apMiniiii^iiii (     II.II- . 

Snafeject        S@x        Ag© 
iacH©® 

iwm J«»I> 

f 
nimn-iiiii-iiiiii -II -i    i 

l©^ieataoas! W®®®® Lioited 

JJS gs ©§ 187 

ES F M 03 II© 

^1 

SB 

3? 27 

f 33 

@a 

©5 

214 

IS© 

fat 
Oarbobydrato-rlch 

G® F S3 ©2 ui^aisa© 
&©adaeli© 

asply&a 

m W 4® $3 IS© <amiH*l Ut 

BM E1. 4® eg i§>% 

ML W il m a^ttoiti© 

CS F S^ S9 IfS 

MW F ©1 ©4 114 ffheumatoid avtbvitis 
PlaQiteail 

*a* 

CA f §1 

F 71 

m 

©7 

ISO vh®wm&t®M arttoitis 
_ a]ll®s?gy 

IS5    arthritis 

Beraadryl 
©©ctiolia 

fat 

citrus gr«its 
ricii foods 



feM©  i (contlnnaed) 

5&& 

iifn JI ii.i...) .iyiiw-«w,te)|,R,»Ka»i*«# IIIIIII«II-II- ,i   ' . i; i i r    -.i'- m 

Bnfa.$@6t        S©3S        Ago        Stelgivft        IJeigfet 

 I.   if. limrii.      iMI  i   i      I    •ir.illi   I..'II mi      .   .Iimi   .'lUr   ;     liiii^iuiiiii ' -mi   11-i .in  !■■ 

BSd^icattioos 

iji i n. irniin  f.:.   -.    niiii'r -i i, ii, r »■■ i III iii II   ' r;i» f* i i "'', "n iftvHiw-^wfcaTMwat.jaxn-inMin 

In the m®t 

W M 22 79 gli 

m fii 2® 71 194 -eafffeibd cott-talalag 

IP 21 SI 167 

U        SB n ©afifeia© coataiaiag 

W tS 41 71 

urn M 4§ 74 isg 

AS Si 48 70 143 

£3 .75 73 134 atll<s^©©©l@3?©ssis 
Saoart ©<s>ttd!iti©si 

IaQ«ia tablet 
^aspOiiigia tablet 

^©sracolat® 

salt 



57 

The red cell and the white cell-platelet fractions 

were isolated froai twenty to thirty 0.1 ml aliquots of 

fresh whole blood. From this amount of blood, ten to 

fifteen aliquots of white cells and platelets were obtained 

for analyses allowing approximately five to seven replica- 

tions each for free and for total cholesterol. Ample 

amounts of red cells were available and several samples of 

red cells were laked and frozen. At the time of analyses 

duplicate aliquots of two laked samples of red cells were 

analysed. The procedures used for separation of cell 

fractions and their analyses for free and total cholesterol 

are described on pages 42 to 51. 

The red cell and white cell counts1 were made on 

whole blood according to the standard method for enumera- 

tion of blood cells using the Spencer Bright-Line 

Haemocytometer (3, p. 1-12). The cell counts were made in 

duplicate and were expressed as the number of cells per 

cubic millimeter of blood. 
2 

Differential counts, to determine proportions of 

different types of leukocytes present, were made by the 

method described by Wintrobe using the acid buffer 

modification (4@, p. 337-344). Blood smears were prepared 

in triplicate by the slide technique and one hundred cells 

on each slide were counted. 

1. The enumeration of red cells and white ceils 
s. E. lawthorne. 

2. Differential ceil counts by A. Deeney. 
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Results and Discussion 

The concentrations of free and total cholesterol in 

the serum, red cell and white cell-platelet fractions of 

fasting,blood samples of twenty subjects are presented 

in table 2. Cholesterol concentrations in the sevum  and 

red cells of these subjects were generally similar to 

those previously reported in the literature. In the 

white cell-platelet fraction, however, cholesterol 

concentrations were approximately three to six times 

higher than those previously reported. And, in contrast 

to the relatively narrow individual variation in the 

proportions of free to total cholesterol in serun and 

red cells, the proportion of free cholesterol ranged 

from 33 to ©7 per cent in the white cell-platelet 

fraction. 

Total cholesterol in the seruu of twenty subjects 

ranged from 121 to 289 mg per 100 ml. In six subjects 

the concentrations of total cholesterol were lower than 

the generally accepted normal rang® for adults, 160 to 

240 mg per 100 ml, and in one subject it was higher. 

EE had a very low value, 139 mg, considering his age and 

his diagnosed atherosclerotic condition. However, he was 

ingesting several different medications including 150 to 

200 mg of niacin daily. Hiacin has been reported to 

cause a reduction in serum cholesterol concentration 
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Table 2 

Concentrations 0f Free and Total Cholesterol in 
the Blood Fractions of Twenty Subjects 

Subject Sex Age Serum Cholesterol Red Cell Cholesterol 
Total     Free    FreesTotal  Total     Free 

mg/lOO ml mg/100 ml     % mg/lOO ml mg/lOQ ml 

—^hite Cell and Platelet Cholesterol 
FreeiTotal  Total    Free   Free:Total 

% »ig/lOO tag   mg/100 an    f* 

DS 

ES 

m 
BB 

GB 

IM 

BH 

ML 

CS 

GA 

MR 

WP 

wc 
HD 

SB 

BF 

RH 

m, 
HH 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

M 

22 

26 

27 

33 

33 

40 

40 

51 

S4 

61 

61 

71 

22 

29 

31 

38 

41 

48 

48 

75 

122 

185 

246 

152 

209 

244 

158 

218 

142 

176 

289 

206 

143 

121 

131 

161 

191 

192 

190 

139 

31 

45 

74 

48 

62 

69 

48 

54 

43 

56 

86 

52 

45 

34 

51 

49 

62 

56 

59 

42 

25 90 2A 100 ± 2' 

29 97 2 87 t 5 

30 119 1 110 ± 2 

32 113 2 107 £ 2 

30 141 2 142 ± 2 

28 121 1 111 £ 3 

30 94 1 92 £ 2 

25 97 1 102 t 1 

30 97 3 92 £ 2 

32 113 1 111 £ 2 

30 93 t 3 88 i 2 

25 94 ± 1 93 t  3 

52 97 t 1 97 £ 2 

28 113 t 1 121 i 1 

39 93 3 94 £ 1 

30 91 1 87 £ 3 

32 87 1 77 £ 1 

29 103 3 110 £ 1 

31 93 1 88 ± 2 

30 82 1 78 ± 1 

112 1167 ± 161 448 fc 181 38 

90 964 t 45 736 h  19 76 

93 381 £ 23 468 £ 36 123 

95 .1169 ± 23 526 £ 32 45 

101 669 ± 39 407 £ 27 61 

92 1866 £ 68 623 £ 36 33 

98 1011 t 31 392 £ 27 39 

106 1087 £ 46 577 t 43 53 

96 1128 £ 61 824 £ 22 73 

98 1078 ± 50 445 fc 31 41 

94 890 £ 45 525 ± 39 59 

99 2214 i 115 1452 £220 66 

100 1422 £ 92 671 £ 49 47 

107 1590 £ 95 629 * 8 40 

101 1232 £ 32 576 £ 21 47 

96 1006 i 46 970 ± 41 96 

89 1114 £ 66 727 £ 14 65 

108 943 £ 40 912 £ 64 97 

94 1096 £ 40 734 £ 64 67 

95 2794 f 135 1651 £ 75 59 

1. Standard error of the mean (42, p. 41). 
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(33, p. 783-Wtt. 

the ratios of-  iroe to total cholesterol in eetvm in 

all hut one  subject ranged froa 2S to 32 pet  coat. For 

the  one subject, S2B, the  proportion was higher  ttsaa 

Kornally expected; tSiirt^nine per cent ot the  total 

cholesterol v^as in t&e free form. *£heve was good agrs©- 

aent between duplicate samples so tSiat t^ere was no 

reason to question the  data, the  significance of the 

Mgfeer per cent of free ctoiesterol in tMs subject is 

not understood. 

In general the concentrations of c&olesterol 

determined in tlie.red ceils were sligSatl^ lower t&an 

values reported bf  Erun as normal, 12® to  1@© mg  per 100 

ml red cells. The rang® ot  values per 100 ni were 32 to 

141 sag for total and 17 to  142 IQ@ for free ctolesterol. 

The cholesterol was present sminly in the  free form wMcti 

confirmed other reports that cholesterol in tfr© red cells 

is nainiy unesterified. SOM© difficulty was encountered 

in finding Mglier concentrations of free than  total 

cliolestoroi in certain samples, as discussed previously. 

•She saean per cent of free clkolesterol was ©8 (range, 

SB-112 per cent). Ttore appeared to Ice no relationship 

between tia© proportion of free cholesterol and tli© total 

amount of cholesterol present. Ericsson et al. (17j 

p. li-35> fead reported tbat in general there was a Mgfeier 
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percentage of esterified cholesterol in children than 

adults. Among this group no higher amounts ox esterified 

cholesterol were observed in the younger subjects than 

in the others. 

E@d ceil counts were made of the blood samples from 

each subject* There was no apparent relationship between 

the number of red cells and the concentration of 

cholesterol in the red cells, table 3. It is generally 

accepted that cholesterol in the red cells is quit® 

constant but Prankerd (37, p. 325-331) did report that 

the iipid content of red cells decreased as the cells 

matured. In  this study no differentiation of young and 

mature cells was attempted so no data for comparison 

are available. 

The mean concentrations determined for free and 

total cholesterol in the white cell-platelet fraction are 

presented with their respective calculated standard 

errors, table 2. When any of the values of the five 

to seven replicates analyzed for free or for total 

cholesterol deviated widely from the others, that aliquot 

was omitted in calculating the mean. A certain amount of 

variation among replicates appears to be inherent in 

micro analyses of white cells (5, p. 197-205).  In this 

method the concentrations of cholesterol determined in 

the white cell-platelet samples are influenced by three 
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CmicoatS'atioEDef S^Toa aad Total C&olesi®?©! 
is Eeii Colls ivM 1@^ Cell Counts 

a«a!>* 8«B Age M C©11 Cliolosteyel Bftti Colls 
J©et 

ag/iai ©i 
»©©         .F*©e: total 

®§/im ml          % 
jper era 
8 10» 

©S W m ^@ A g2- 109 t g1             113 4,© 

li ¥ m 07 ± 2 ©7 ^ i                M 9,5 

\m W 2f 11© ± 1 110 ± %           m i.® 

m W S3 113 ± 3 i§7 ± 2               ^5 0.0 

m w m 141 * § 142 ± %              101 S.O 

m w m 121 ± 1 III AS                33 0.3 

BM w m D'% ± 1 93 k g                03 3*0 

m w Bl m & 1' 102 i; 1              106 3*3 

€S V §4 ©7 ± 3 38 ± a                §0 4.9 

m w ©i 118 i 1 111 t 3            i>© 4.4 

CA V 01 m ± 3 ©© i 3                ©4 0.4 

m w 71 m ± 1 ts ± a                 00 6.4 

m m m 07 ± 1 07 ± 3               100 3.3 

EC m 80 113 t 1 1^1 ± 1               107 3*0 

m m si m * 9 94 t 1              101 G.G 

BB n s§ §i ± 1 m ± $                03 S.i 

W £S 41 m ± I f f 4 1                f® 3.7 

mi a 4© 103 t S 11® ± i          im 3.0 

Al £3 4© ©3 ± 1 GG + %          m 5.4 

m M *?§ ©g ± 1 711 ± %                 03 0.5 

1.    StsadeiPd omr of tbe iseaa (4^, 9. 41) • 
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separate analytical procedures. Although there was 

deviation aiaoag replicates, there v;as a range of values 

which was characteristic for each individual* Free and 

total cholesterol in the white cell-platelet fraction 

for nineteen subjects ranged from 392 to 1651 aig per 1QQ 

gm and 669 to 2734 nig per 100 gra, respectively. The 

concentration of total cholesterol for the twentieth 

subject, WM, was 381 tag, whereas the free cholesterol 

concentration determined was 463 mg.    There was obviously 

some error. In another series the concentration of total 

cholesterol determined for the control sample was low, 

@©§ mg, and the concentration of cholesterol in the test 

samples in that series for 6® appeared to be low also. 

Among these subjects there appeared to be no 

consistent relationship between either sex or age and 

cholesterol concentrations in white cells and platelets. 

The two oldest subjects, Ml and IE, did have tin© highest 

concentrations of cholesterol but IM,  who has diagnosed 

familial hypercholesteroleisia, also had a srathes? high 

value. It is ©f interest that HI had a very low serum 

cholesterol concentration, but that the anou&t of 

cholesterol in the white cell^platelet fraction was 

higher than that for any other subject. Animal studies 

have indicated that a decrease in serum cholesterol is 

not always accompanied by a decrease in concentrations of 



cholesterol in other tissues; rather, concentrations in 

liver, for example, may Increase (33, p. •241-255).. 

The ratio of free to total cholesterol in the white 

cell-platelet fraction ranged from S3 to 97  p@r cent. 

This wide individual variation is in contrast to the 

limited individual differences determined in the pro- 

portions of free cholesterol In serum, 25 to 39 per cent, 

and in1 red cells, 80- to• 112- per cent.. Tteere was no 

apparent relationship betweers age or the absolute amounts 

of cholesterol present and the ©moisnt of free cholesterol 

in the white ceils and platelets. 

Concentrations of cholesterol and total white cell 

and differential counts are compared in  table 4. No 

consistent relationship was apparent between either the 

number of cells or the types of white cells present and 

the concentrations of cholesterol. In 1936 Boyd and 

Stephens (10, p. 558-360) compared the lipid composition 

of white cells with white cell and differential counts. 

The lipid fractions, including cholesterol, showed ao 

relation to variations in cell counts. lowever, Boyd 

and Stephens reported that the free cholesterol and the 

phospholipid fractions varied roughly in proportion to 

the neutrophiis. 

Free and total cholesterol in the white cell-platelet 

fraction of the blood for this limited group of subjects 
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Gondentrations of Pa?ee and Total OhoXest^rol in ViShit® Cells and Platelets, 
Ualte Cell Counts , aad Mffex»ential Goimts 

Subject    Sex    Age    White Cell and Platelet Cholesterol    ffeite QeXXt 
Total, ■    '   l^ree  "     Frees Total per ■■©mm I'ol^morphohuei.dai*    Stabs Lyxaphoeytes " lonocytes    losinophils'   Basophlls 

mg/100 gm   mg/lQQ m 

m F 22 

MB F 26 

m F 27 

BS F 33 

OB P S3 

m F 40 

m F 40 

sa F 51 

cs F S4 

m F ©1 

CA F 61 

S8R F n 

WP E3 22 

m 0 29 

w SS SI 

SB M S3 

IF S 41 

m 0 48 

m i 48 

m i 7S 

1167 £ 161 448 £ 181 

904 jfe 45 7S6 ± 3.9 

381 ± 23 4@8 £ $© 

1169 + 23 526 ± 32 

669 £ 39 407 £ 27 

1866 ± ©8 623 £ 36 

1011 + 31 392 £ 27 

1087 £ 46 577 £ 43 

1128 ± 61 824 £ 22 

1078 £ SO 44S £ 31 
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are much higher than the few values previously reported 

in the literature. It is recognized that concentrations 

determined in this study are based on an indirect 

estimate of the mass of white cells and platelets, 

whereas Boyd (7, p. 623*633) used a weighed aliquot of 

the "buffy layer" separated from a venous sample. The 

methods of cholesterol analyses also differed. Problems 

in the accurate estimates of sample size of both macro 

and micro aliquots of white cells and platelets have been 

discussed by Bessey et al. (5, p. 197-205) who reported 

that total phosphorus has been shown to be a valid 

estimate of sample size in many analyses. 

Boyd (7, p. G23-S33) reported that the mean 

concentrations per 100 gm of white ceils were 300 rag for 

total and 194 mg for free cholesterol which were estimated 

to be approximately 26 and 16 per cent, respectively, of 

the total lipid. Data on the total lipid of white cells 

are very limited. Most references quote the values of 

Boyd who calculated total lipid from the determination 

of lipid components. However, Haurowitz and Slad^k 

(IS, p. 81-85) have reported white cells to contain 22 

per cent lipid on the dry weight basis. This amount of 

lipid is similar to the 15 per cent determined in 

platelets and in marked contrast to the 1.3 per cent 

determined in red cells by Ericlsson et al. (18, p. 81-85). 
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The anoint of lipid on the dry weight, basis in white 

cells is more cosiparable to ajaounts reported for several 

aninai tissues; braia, 45 per cost; kidaoy, 22 per cent; 

lung,.  22 per cent; tostos, 23 per cent; liver, 20 per 

eeat awd amsclo, 16 per cent (16, p. &7Q).    Assuming  that 

white cells are 20 per cent dry weight and that 22 per 

cent of the dry weight is lipld then the total lipid 

content of white ceils would be approxisjately 4.4 per 

cent of the dry weight. On the toasis of the distribution 

of  total lipids reported for platelets {IB,  p. 31-05) 

and white cells (7, p. @23-©33), 21 and 25 per cent total 

cholesterol, respectively, the amount o£ total cholesterol 

per 100 gm of white cells and platelets would fee 

approximately 3.00© sag. Therefore, the concentrations of 

cholesterol deterained in the white cell-platelet fraction 

in this study do not seem unreasonable. 

In view of the findings that concentrations of 

cholesterol In white cells and platolots are higher -than 

values previously reported' in the literature and that 

wide variations occur among individuals in the proportion 

present in the free form, further studies with other 

lipid components as well as cholesterol in this blood 

fraction should provide valuable information about lipid 

metabollsn. 



SUMMARY 

The concentrations of free and total cholesterol 

were determined in the serum, red cell and v.hite cell* 

platelet fractions of fasting blood of twenty subjects, 

male and female, ranging in age from twenty-two to 

seventy-five years. The micromethod of Galloway and 

co-workers (20, p. 226-232) was used for serum analysis. 

An adaptation of the serum method by Feseador (34, 57 p.) 

to cell analyses was used for determinations in the red 

cell and the white cell-platelet fractions. The precision 

of the method for analyzing the white cell-platelet 

fraction was increased. Primarily, the method for 

determination of total phosphorus, used to estimate 

sample size,  was changed by adapting the method of Lowry 

et al. (29, p. 1-17) for the determination of phosphorus 

in brain tissue to analyses of phosphorus ' in the white 

cell-platelet samples. 

The concentrations of total cholesterol in the serum 

ranged from 121 to 2@@ mg per 100 ml with 25 to 39 per 

cent in the free form. In the red cells the cholesterol 

concentrations ranged from §2 to 141 mg per 100 ml with 

90 per cent or more in the free form. The concentrations 

of cholesterol in the white cell-platelet fraction, 

determined in this study, were much higher than values 
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previously reported in the literature. The values for 

total cholesterol ranged from 669 to 2794 rag per 100 gm 

with the proportion of free cholesterol ranging from 33 

to 97 per cent. This wide individual variation is in 

contrast to the limited individual differences determined 

in the proportions of free cholesterol in serum and red 

cells# White cell-platelet analyses should prove to be 

valuable in further research on lipid metabolism in 

humans. 
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