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A METHOD FOR DETERMINING FREE AND TOTAL CHOLESTEROL IN THE RED CELL 
AND WHITE CELL-PLATELET FRACTIONS IN 0.4 MILLILITERS OF HUMAN BLOOD 

INTRODUCT ION 

It is a well known fact that the composition of the blood is a 

determining factor in the physiological state of the entire body and 

that the blood in turn reflects the physiological state of the body. 

Blood is a fluid tissue composed of many chemical substances and various 

formed elements such as red cells (erythrocytes), white cells 

(leukocytes) and platelets. These formed elements as well as serum, 

the clear portion of the blood, have received attention from 

investigators in view of their importance in health and disease. 

Certain hematological measurements such as red and white cell counts, 

differential counts of the white cells and hemoglobin analyses have 

become routine clinical procedures. Physical changes in size, shape, 

weight and fragility of the cells have been recognized. More recently 

changes in the chemistry of the cells have been investigated. 

Human mature red cells are non-nucleated disks which possess 

specialized functions in the body. The dominant role of the red cell 

is a physico-cheinical one which depends largely on the amount of 

hemoglobin and other substances present to carry on the transport and 

exchange of oxygen and carbon dioxide. The red cells contain 

approximately 65 per cent water and 35 per cent solids. Of the solids, 

hemoglobin comprises 32 per cent of the 35 per cent and most of the 

remaining 3 per cent forms the stroma of the red cell. The stroma 

consists largely of protein, phospholipids and cholesterol. The red 



cell is not capable of reproduction and, in general, is not considered 

metabolically active. In comparison with other tissue cells, red cells 

have been reported to have extremely low metabolic rates (1, p. lO). 

The integrity of the interior of the cell is believed to be maintained 

by selective permeability of the cell membrane. The cell membrane, a 

dynamic constituent of the cell, selectively permits the permeation of 

certain constituents until equilibrium is reached and resists permeation 

of other constituents to maintain gradients ïn concentration (I, p. 14). 

Human white cells, living nucleated tissues, areclosely related 

to the physiological state and iznunity of the body. The white cells 

are larger in size than red cells, and, unlike the red cells, they 

contain at least a single nucleus and possess amoeboid movement. They 

have the ability to engulf and ingest micro-organisms, foreign solid 

particles and other cells. Leukocytes contain proteins, carbohydrates 

as glucose and glycogen, fats, cholesterol, phosphatides, purines, 

enzymes and other substances. All leukocytes possess a well organized 

system of both respiratory and glycolytic enzymes; the phagocytic form 

of leukocytes i8 known to be rich in proteolytic enzymes (23, p. 476). 

Leukocytes are of different types: monocytes, lymphocytes and 

polymorphonuclear or non-granulocytes. Non-granulocytes are further 

divided into eosinophils, basophtls and neutrophils. The monocytes 

reflect the physiologic status of the rsUculo-eudothelial system and 

the lymphocytes that of the lymphatic system. Lymphocytes are cells of 

importance in antibody synthesis. The polymorphonuclear cells reflect 

the myelogenous system of the body. The current increase in research 
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into the biochemistry of white cells has developed not only from 

interest in the white cells themselves but because an understanding 

of their metabolism may possibly indicate the metabolic activities 

of other body tissues (27, p. 1212-1218). 

Platelets are small colorless corpuscles in blood which play an 

important role in the coagulation of the blood. They contain a factor 

which reacts with thromboplastinogen to form thromboplastin. 

The relation of the formed elements to the transport and 

metabolism of lipids, particularly cholesterol, has been difficult to 

evaluate because of the limitations of methods available. In the few 

studies reported on lipid concentrations in erythrocytes of children 

and adults, the results indicate that the lipid content of the red 

cells is relatively constant in amount and distribution at various 

ages. Under pathological conditions such as anemias, the lipid 

composition of the erythrocytes changes depending upon the type of 

anemia. Under the influence of absorption, the change in lipids in 

erythrocytes appears to be relatively small (1, p. 90). Of particular 

interest is the recognition that the major portion of cholesterol 

determined in the erythrocytes is in the free form (28, p. 432; 

15, p. 15-35). Bloor, Okey and Corner (6, p. 291-306) and Bloor 

and Snider (7, p. 459-470) reported that with an increase of cell 

activity in any tissue the amount of free cholesterol was increased, 

whereas with lowered activity, degeneration or retrogression of a 

tissue or organ, there tends to be a decrease of free cholesterol and 

an increase iii cholesterol esters. 
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Few studies have been reported to date relating leukocytes to the 

transport and metabolism of lipids. In 1955 Wachstein (36, p. 1052- 

1065) studied the hiBtochemistry of leukocytes ad reported that, in 

general, under pathological conditions no significant changes in the 

lipid staining of the white cells were fouud. However, in chronic 

myeloid leukemia and infectious diseases a small proportion of cells 

may not contain stainable fat. In 1936 Boyd and Stephens (Il, p. 558- 

560) had compared lipid composition and differential counts of the 

white cells. They stated that, "the parallelism between free 

cholesterol and phospholipids adds another bit of evidence to 

support the hypothesis that these two substances are closely related 

in the vital economy of the cell. Since phospholipid and free 

cholesterol vary in amount according to the predominating type of 

cell, it would appear that, for the most part, these two lipids serve 

in the structural make-up of the cells. On the other hand, the re- 

maining lipid fractions are apparently present in varying amount in 

both types of cells, suggesting that they are transitory or metabolic 

in nature» 

In recent years the development of nierous microchemical 

procedures together with satisfactory methods for separation of 

blood fractions have made it possible to study the roles of red cells 

and white cells in the metabolism of several substances, particularly 

vitamins. For example, the studies of Bessey et al. (3, p. 197-205) 

and Burch et al. (12, p. 457-470) on ascorbic acid and riboflavin 

indicated that these vitamins were more concentrated in the white cells 
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than in serum and the study of Davey, Wu and Storvick (14, P. 341-352) 

demonstrated different rates of change in concentrations of ascorbic 

acid in white cells and serum with change in intake. Studies of 

cholesterol in red cells and white cells similarly may increase the 

understanding of cholesterol metabolism. 

The purpose of this study was to adapt the inicromethod of Galloway 

al. (19, p. 226-232) for determining free and total cholesterol 

in 0.04 ml serum to the determination of free and total cholesterol 

in red cell and white cell-platelet fractions in finger tip samples 

of human blood. 



REVIEW OF LITERATURE 

Survey 2. Methods for the Determination of Cholesterol in Cell Fractions 

Although interest in cholesterol dates back more than a century, 

development of methods for determining cholesterol in the blood, mainly 

in serum or plasma, date from 1909 when Windaus first applied digitonin 

precipitation to the macro-gravimetric determination of cholesterol 

(39, p. 433-446). The following year, Grigaut devised a procedure 

to determine cholesterol colorimetrically by using the Liebermann- 

Burchard reagent and measuring the color by visual comparison. In 

1934 Schoenheimer and Sperry (32, p. 745-760) published a ciassical. 

method which required only 0.2 ml of serum and involved the use of 

acetone-ethanol for extraction before precipitating cholesterol as the 

digitonide. Further development and modification of methods for 

determining cholesterol, especially applied to plasma or serum, in- 

volved three basic procedures: 1) the separation of cholesterol from 

protein fractions, 2) the isolation of free and total cholesterol, 

either separately or combined and 3) the final measurement of the 

isolated cholesterol. 

The determination of cholesterol in cet]. fractions dates from 1933 

when Boyd applied the oxidative method of plasma lipid analysis to 

leukocyte lipid analysiz (8, p. G23-633). The same principles are 

involved in the determination of cholesterol in cell fractions as in 

serum. However, in the analysis of cells for cholesterol there are 

the additional problems of cell preparation and extraction of 

cholesterol. 
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Bloor and MacPherson in 1917 (4, p. 79-95) reported the earltest 

estimation of lipids tu red cells. The cholesterol and other lipids of 

the red corpuscle were computed from the lipid values in whole blood 

and plasma in conjuuction with heniatocrit determinations. 

Kirk, Page and Van Slyke (26, p. 2O3-2) introduced the first 

direct method of determining cholesterol in erythrocyten in 1934 arid 

this method has been used also by Erickson et al. (15, p. 15-35) and 

Poole AL. (30, p. 1-19) in the determination of cholesterol in the 

red cells of normal and abnormal individuals. In the Kirk, Page and 

Van Slyke procedure enough blood was drawn t obtain 3 to 3. ml of red 

cells which were wetghed accurately within one mg. Purified sand was 

added to the cells, they were stirred vigorously, and then the cells 

were hemolyed with two consecutive portions of 4 ml of distilled water. 

Cholesterol was extracted wíth an alcohol-ether mixture (3:1) which 

precipitated the protein. Arter saponiLication witLl saturated odím 

hydroxide, total and free cholesterol from aliquots of the alcohol- 

ether extract were precipitated with digitonin. The cholesterol 

digitonide precipitates were washed and subjected to combustion. The 

carbon dioxide formed was absorbed by dilute alkali and the gas was 

measured tnanometrically. 

Boyd (9, p. 37-45) reported a number of studies on methods of 

extracting cholesterol and other lipids irom red cells in 1936. He 

compared the effect of washing red cells with and without saline on 

the lipid content of the cells. He detected that washing red cells 

may either increase or decrease all the lipids in the same proportion 



depending upon the concentration o the saline solution used. He 

concluded that washing with saline was not only unnecessary but could 

introduce an error if the saline was not exactly isotonic with each 

sample of red cells. Five methods of preparation of red cells for 

extraction were studied: adding sand and grinding the cells to obtain 

a semi-dry mass, and hemolyzing red cells in , 1, l and 2 voles, 

respectively, of distilled water. Similar results were obtained with 

each method. The proportion of alcohol-ether solvent for extraction 

was studied. Two and a half to 60 times solvent volume to the cell 

volume were used. Best results were obtained when the cells were 

extracted with an alcohol-ether volume 25 or 30 times the volume of 

laked red cells. The effect of boiling the extract was studied. He 

reported that heating the extract was not only unnecessary but even 

undesirable due to the color that developed after heating and which 

resulted in higher apparent lipid values. Boyd also compared the 

direct and indirect method of estimating cholesterol in the 

erythrocytes. He pointed out that the direct method was preferred 

due to the variability of results obtained in the indirect method. 

Two other methods have been used in the determination of 

cholesterol in red cells. Robin jo 1939 (31, p. 691-701) applied a 

cold extraction method using a 3:1 mixture of alcohol-ether. The 

alcohol ether extracts were concentrated in vacuo at 400 C and 

re-extracted in boiling petroleum ether. The free and total choles- 

terol were determined by a modified inicro-gravimetric digitonin 

method of Man and Peters which involved the weighing of the washed 
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cholesterol digitonide precipitate. In 1952 Wilmot and Swank (38, 

p. 25-34) adapted the Schoenheimer and Sperry sertm cholesterol 

method with changes suggested by Sobel and Mayer in 1945. The cells 

were laked in an equal volume of distilled water and the cholesterol 

was extracted with redistilled acetone-ethanol (1:1). After the 

saponification of the cholesterol esters with potassium hydroxide, 

the free and total cholesterol were precipitated as digitonide and the 

cholesterol present was measured colorimetrica].ly. 

A few investigations involving the determination of lipids, 

including cholesterol, in white cells (8, p. 623-633; 10, p. 739- 

748; 30, p. 1-19) and platelets (18, p. 81-85) of normal and 

abnormal subjects have been reported. Boyd's method reported in 1933 

(8, p. 623-633) required a 50-60 ml blood sample. The blood was 

placed in a flask, which had been previously rinsed with saturated 

sodium citrate, and centrifuged. Approximately 0.5 gin of the layered 

white cells were transferred to a weighed flask with a pair of forceps. 

The white cell fraction was ground with sand and extracted with 75 ml 

of alcohol-ether (3:1). The mixture was heated and filtered after 

washing the precipitate with alcohol-ether. The extract was 

saponified and extracted with petroleum ether. Total and free 

cholesterol were precipitated by digitonin and measured manometrically 

following oxidation. In 1938 Poole al. (30, p. l-19) used the 

gasometric procedure of Kirk, Page and Van Slyke (26, p. 203-234) in 

the determination of cholesterol in the white cells of a patient with 

chronic myeloid leukemia. 
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In 1939 Erickson and co-workers (18, p. 81-85) studied the lipid 

distribution in platelets of normal and abnormal individuals. A 50 ml 

sample of blood was drawn from the arm vein into a syringe containing 

10 ml of chilled anti-coagulant solution. A sodiin metaphosphate 

solution was used as the platelet preservative. A suspension of 

intact platelets was prepared by slow-speed, differential centrifuga- 

tion. The separated platelets were washed twice with an anti- 

coagulant solution and dried j vacuo. The lipids of about 10 mg of 

dried platelets were extracted with an alcohol-ether mixture (3:1) 

by heating under reflux on a water bath and evaporating tu a nitrogen 

atmosphere with reduced pressure. Cholesterol was extracted from the 

lipid residue with petroleum ether. Aliquots for the determination 

of free cholesterol and cholesterol esters were measured, evaporated, 

dissolved in ethyl alcohol and precipitated with digitonin. A 

modified gasometric technique of lUrk, Page and Van Slyke was used 

in the measurement of cholesterol. 

Cholesterol Concentrations Reported for Cell Fractions 

The cholesterol concentrations in red cell and white cell- 

platelet fractious of normal and abnormal individuals reported by 

the different investigators are sunnnarized in Table 1. Most of the 

cholesterol concentrations reported in the literature have actually 

been determined on the fractions themselves. The data from on1' one 

study on rad cells have been calculated from the determined lipid 

values for ñiole blood and plasma and hematocrit determinations 

(4, p. 79.93). 



Th1e i 
Choietcro1 Concentratlone Bportea for the Red. Celi, White Cell end 

Plte1et Practione of Blood of Normal and .Abuormai Individuals 

Tot1 Free Combined 
Cholesterol Cholesterol Choie sterol 

$bepte No. ane Mean Bne Renge Meen Inveetiator __ 

D CELL OO1ICNTR&TIONS mg/1CX) cc mg/lOO cc mg/lOO cc 

o z'mal Adiil t s i ])41 3.28 
Iormal Men 7 190 
Normel Women 7 23.0 

mg/lOO gin gJ100 m mg/lOO gm 
Normal Children 

5-8 yre 101 - l51 119 .77 - 11 99 3 - 6 311. 

69 yre 8 100 - 129 113 88 _ 109 96 0 - 69 29 

Total i6 100 - l5 ii6 77 - ii11 97 0 - 69 32 

inemias: 
Siokiomia with anemia 7 90 - 200 173 90 165 132 69 

Sicklemia without anemia 3 130 - 165 11. 100 138 125 32 

Ethroblatic 2 i116 - 2ß0 1914 123 - 2)0 156 
Hemolytic Icterue 4 ii6 - 159 13.5 82 - 102 8 52 
Hemolytic Ioterus after 

Splsnectonzy 3 ìo6 - i6 i io6 - 117 113 1111. 

Hyochromic 
Before therapy 135 - 210 179 129 163. 1118 52 

After therapy 128 - 200 1714 128 - 170 153 35 

Pernicious Anemia: i 

before relapse 113 73 
After relapse 109 83 
3*aissioi 121 102 

Hyperltpeiuta: 1 

Before diet 101 7 

Low fat diet 95 
High fat diet 80 15 

Low fat diet (i month) 80 78 

Low fat .iet (io months) 9 O 

Boyd, 1936 (9, p. 
Bloor an& MacThereon, 1917 

(11, p. 79-95) 

]rickson 21 . 
1937 

(i5, p. 15-35) 

:Ericksort et al. 1937 
(i6, p5.598) 

rickeon et al. 1937 
(17, p. 5_618) 

Bernstein et el. 1939 
(- p. o$o) 

1]. 
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Red Cell Concentrations 

Behrendt (1, p. 97) reviewed the work of Brun who reported in 

1939 that the red cell cholesterol of normal adults averaged 139.1 

5.1 mg per 100 ml red cells for total cholesterol and ranged from 

-4.3 to#7.l mg per 100 mi red cells for cholesterol esters. In 

his Chemistry of Erythrocytes, published in 1957, (1, p. 97) 

Behrendt accepted total cholesterol values ranging between 125 and 

150 mg per 100 ml of red cells as normal with practically all 

cholesterol as free cholesterol. 

Erickson and co-workers (15, p. 15-35) reported mean values of 

97 (77-114) mg of free cholesterol and 116 (100-154) mg of total 

cholesterol per 100 i of red cells for 16 normal children. The 

major portion of cholesterol ir. the red cells was in the free state; 

the percentage of free cholesterol in the cells ranged from 68 to 

100 per cent with an average of 84 per cent. For comparison, Van 

Slyke furnished Erickson and co-workers his data from similar 

observations on normal adults. The cholesterol concentrations of 

the red cells of normal children were similar in concentration to 

those of adults and were relatively constant in amount and distri- 

bution. Erickson et al. concluded that the cholesterol in 

erythrocytes is a fundamental constituent of the cell structure and is 

not influenced by the processes of growth and changing environment. 

Cholesterol concentrations of red cells also have been reported 

for individuals with diseased states. Bloor and MacPherson (4, p. 

79-95) reported that the blood lipid values of patients with 

pernicious anemia were normal as long as the hematocrit remained above 
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half o the normal value. En contrast with the findings of Bloor 

and ?IacPherson in pernicious anemia, Erickson et al. (16, p. 569-598) 

detected significant variations in some of the lipid constituents in 

the erythrocytes of children with hypochroinic hemolytic and other 

types of anemia. They found that free cholesterol was elevated in tue 

cells of hypochrasic, sLckle cell and erythroblastic anetnia patients 

whereas cholesterol esters were lowered in patients with hemolytic 

icterus, sickle cell and hypochromic anemia. They also reported 

significant abnormalities in the red cells of a pernicious anemia 

patient during relapse (17, p. 599-618). There was a decrease in 

the amount of free cholesterol and an increase in cholesterol esters. 

of the total cholesterol, 36 per cent was found in the ester fraction 

as compared with 15 per cent found in that of a normal individual. 

With remission of the anemia, the percentage of total cholesterol. 

in the ester form returned to the normal level. 

Poole (30, p. 1-19) reported that the concentrations of 

cholesterol and other lipid components of the red cells of a leukemic 

patient were normal. The cholesterol values were 124 for total, 119 

for free and 8 mg for combined esters per 100 i of red cells. 

Bernstein al. (2, p. 570-580) reported that the cholesterol. 

concentrations of the red cells of au hyperlipemic child were apparently 

slightly affected by the use of a low fat diet and actually decreased 

with the use of high fat diet as the value of neutral fat in the 

blood rose. In contrast they reported that there was a general and 

successive lowering of the total blood lipid level of the child when 

she was placed on a low fat diet for one month and the lipid partition 
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of the erythrocytes were within normal limits after she had stayed for 

10 months on a low fat diet at her home. The values reported showed 

an apparent slight effect on free cholesterol of both the low and high 

fat diets but these values were within the range reported by Erickson 

et al. (15, p. 15-35) for normal children. Cholesterol esters 

seemed to fluctuate slightly depending on the amount of fat in the 

diet. 

Wilmot and Swank (38, p. 25-34) found no significant difference 

between the cholesterol content of erythrocytes of two normal subjects 

and of three patients with multiple sclerosis before or after two 

months on a low fat diet. The mean cholesterol concentrations for the 

five subjects before the low fat diet were 137 (126-146) for total 

and 134 for free cholesterol 100 gin of red cells. 

Two months after a low fat diet the mean cholesterol values were 131 

(123-141) for total and 130 (l23-l39)mg for free per 100 gin of red 

cells. 

Rubin (31, p. 691-701) reported that the free and total choies- 

terol of the red cells of a diabetic patient showed very little 

deviation from that of normal individuals. The mean values reported 

for total and free cholesterol were 107 and 110 mg, respectively, 

per 100 gii of red cells. The figures fall within the range of 100 

to 154 mg for total and 77 to 114 mg for free cholesterol with mean 

values of 116 and 97 mg, respectively, per 100 gui of red cells given 

by Erickson et ai. in 1937 for normal children (15, p. 15-35). 
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These figures are somewhat lower than Boyd's values reported for a 

normal adult, 144 mg for total and 128 mg for free cholesterol per 100 

rn of red cells (9, p. 37-45). 

White Cell-Platelet Concentrations 

Zn 1933 Boyd (8, p. 623-633) reported that the mean cholesterol 

values in mg per 100 gin of white cells of 8 normal young women were 

300 (181-375) for total, 194 (72.0-420) for free and 110 (0-269) for 

esters. Boyd (10, p. 739-748) later reported in 1936 the mean 

cholesterol concentrations of the leukocytes of 23 normal adults in 

mg per 100 gui of white cells as: 320 (111-492) for total, 238 (72-452) 

for free and 82 (0-289) for esters. 

Boyd (10 p. 739-748) also reported the cholesterol concentrations 

in the white cells of 9 patients with chronic inyeloid leukem!a, 8 with 

chronic lymphatic leukemia, one with acute mycloid leukemia and two 

with Hodgkin's disease. In contrast with the values for patients 

with chronic myeloid leukemia, there tended to be less total 

cholesterol in the leukocytes of patients with lymphatic leukemia. 

However, the cholesterol values obtained for patients with both 

myeloid and lymphatic leukemias were within the range of values 

determined for his normal subjects. The cholesterol values determined 

for the white cells of the one patient with acute myeloid leukemia were 

similar to those determined on the white cells of the patients with 

chronic lymphatic leukemia. In two cases of Hodgkin's dïsease, the 

cholesterol content of the white cells was relatively high. 
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In contrast to the findings of Boyd, Poole et al. (30, p. 1-19) 

reported that the lipid concentrations of the white cells of one 

patient with chronic inyeloid leukemia were low compared to the normal 

values determined by Boyd. 

Boyd and Stephens (11, p. 558-560) reported that the free 

cholesterol of the leukocyte fractions of 25 patients were found to 

vary roughly in proportion to the percentage of neutrophils. The 

apparent higher values for free cholesterol were found in leukocyte 

fractions which contained a relatively high percentage of neutrophilic 

leukocytes and a low percentage of lymphocytes. The free cholesterol 

concentration ranged from 440 mg per 100 gin of neutrophils to 175 mg 

per 100 gin of lymphocytes. 

Erickson and co-workers (18, p. 81-85) found that the free 

cholesterol contents of the platelets of 9 children were comparable 

to those of normal adults, of patients with hemophilia and patients 

with thrombopenic purpura. The values for all expressed In per cent 

of dry weight of platelets ranged between 2 and 3 per cent. Choies- 

terol esters were flot found in the platelets of the normal children 

but the range of values in normal adults and patients with hemophilia 

were 1 or 2 per cent of dry weight. Assuming a water content of 

approximately 65 per cent in platelets, values would be equivalent to 

approximately 700-1050 and 350-700 mg per 100 gin of platelets of 

total and free cholesterol, respectively, in adults. 
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DEVELOPMENf OF METHOD FOR DETERMINING CHOLESTEROL IN CELL 
FRACTIONS IN 0.4 MILLILITERS OF BLOOD 

Successful separation and analysis of blood fractions in small 

samples of blood by Bessey et al. (3, p. 197-205) and Burch et al. 

(12, P. 457-470) and the availability of the micro-method of 

Galloway al. (19, p. 22-232) for the successful determination 

of free and total cholesterol inü.Q4 ml of serum presented an 

opportunity to adapt the cholesterol method to red cell and white 

cell-platelet analyses. 

The method of Burch, Bessey and Lowry (12, p. 457-470) was 

adapted for the isolation of red cell and white cell-platelet 

fractions of human blood. In the adaptation of their method 100 

lambda of whole blood was delivered into a tube containing 500 

lambda of 1.6 per cent potassium oxalate and mixed carefully with 

a footed stirring rod. To separate the lighter white cells and 

platelets from the heavier red cells, the oxalated blood mixture was 

centrifuged at 450 rpm for 12 minutes. To increase the amount of 

white cell-platelet sample, about 400 lambda aliquots of turbid 

supernatant containing white cells and platelets from two tubes 

were transferred to a single 7 x 50 mm tube. The sample was 

centrifuged for another 12 minutes at 450 rpm to separate any red 

cells remaining in the suspension and the supernatant was transferred 

to another 7 x 50 mm tube. En the original tube, the supernatant 
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c1at remained together with the upper portion of the red cell layer 

were drawn off and discarded. The white cells and platelets and 

the red cells were packed by centrifugation at full speed for 20 

and 60 minutes, respectively, as has been the practice in this 

laboratory (24). The supernatant was sucked off and discarded and 

the cells were ready for analyses. 

In the Galloway et al. (19, p. 226-232) method as modified by 

Stirniman (34) in this laboratory, lipids including cholesterol 

were extracted from 0.04 ml serum by adding the sample to 0.4 ml 

of acetone-ethanol (1:1) in a one inI volumetric flask. The mixture 

was brought to a bou to insure complete extraction, cooled, made 

up to one ml volume and centrifuged. Triplicate 100 lambda and 

duplicate 200 lambda aliquots of the extracts were measured for 

total and free cholesterol analyses, respectively. Free cholesterol 

was precipitated as cholesterol digitonide and the cholesterol ester 

was hydrolyzed with potassium hydroxide prior to digitonin 

precipitation. Acetone-ether (1:2) and ether were used to wash 

the precipitates. The dried cholesterol digitonide precipitates 

were dissolved with glacial acetic acid. The typical color of the 

Lieberniann-Burchard reaction was developed under controlled 

conditions of time, light, temperature and absence of water and 

measured spectrophotometrically. 

Development of Method for the Determination of Cholesterol in Red Cells 

In the adaptation of the method to the analyses of red cells, 

completeness of extraction of cholesterol from the cells was the 
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principal problem encountered. Various procedures in extraction 

were tried. Adding unhemolyzed cells to a tube containing 0.4 ml 

of acetone-ethanol produced clumped precipitates. Increasing the 

amount of extractant to 0.7 ml resulted in similar observations in 

spite of vigorous mixing using a mechanical buzzer while the cells 

were added. Fine precipitates tiere obtained when the cells were 

hemolyzed in redistilled water in the proportions of approximately 

1:2 or 1:4 and the mixture allowed to stand for 5 minutes before 

measured 40 lambda aliquots were added to the 0.7 ml of acetone- 

ethanol. No significant difference was found in the cholesterol 

concentrations of red cells laked in redistilled water in the pro- 

portions of approximately 1:2 or 1:4. Boyd (9, p. 37-45) found 

similar results. He reported no significant difference in the 

cholesterol concentrations determined in red cells laked in ?, 

1, l and 2 volumes of distilled water. Recent enzyme studies 

on red cells have been done on cells laked in the proportion of 

1:1 (21, p. 73-82; 35, p. 19-29) or 1:2 (22, p. 397-405). 

A comparison was made between the hot and cold method of ex- 

traction. It was found that boiling the extracts caused superheating 

which resulted in the boiling over of the extract and the development 

of a deep brownish-red color in some samples. Boyd (9, p. 37-45) 

obtained similar results and reported that boiling the extracts 

resulted in higher apparent values for all lipid in the red cells. 

In contrast with Boyd's findings, boiled extracts in this study did 
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not yield consistently higher values as is illustrated by data for 

subject #2 in Table 3. The boiléd extracts yielded a wider range 

of values than the cold extracts, however, although the mean values 

were similar. The mean cholesterol concentrations of duplicate 

aliquots from three boiled extracts were 130 (116-144) mg for total 

and 131 (120-144) mg for free per 100 ml of red cells. The mean 

cholesterol concentrations from three cold extracts were 128 

(124-134) mg for total and 132 (132-133) mg for free per 100 ml of 

red cells. Superheating could be prevented by keeping the flask 

in motion for 6 seconds in the boiling water bath. lt was found, 

however, that lakirig the cells approximately 1:2, increasing the 

volume of the extractant from 0.4 to 0.7 ml and the cold method 

of extraction contributed to the most complete and consistent 

extraction. 

Completeness of extraction was investigated by repeated 

extractions on samples of red cells. Aliquots from three consecutive 

extractions of red cell samples were analyzed. In earlier ex- 

periments, a range of 0.7 to 1.1 mg total cholesterol and 55 to 

8.6 mg free cholesterol per 100 ml red cells were found in the 

second extraction. to significant values were obtained in the third 

extraction. In later experiments, no significant amounts of 

cholesterol were found in the second or third extractions. 

The effect of freezing on the completeness of extractions was 

also investigated. Frozen samples were prepared by measuring 40 
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lambda of red cells and ].aking them in approximately 2 voles of 

distilled water. The tubes were capped and stored at a temperature 

of 
_O 

c until ready for analysis. The fresh samples were analyzed 

immediately. No significant change was observed in the free or total 

cholesterol content in freezing. The mean total cholesterol per 100 

ml of red cells determined on triplicate aliquots of six extracts on 

a fresh sample was 139 (126-145) mg and for the same number of frozen 

aliquots, 141 (133-154) mg per 100 ini of red cells. The mean values 

for free cholesterol on the same aliquots were 149 (135-151) for 

fresh and 149 (138-163) mg for frozen samples per 100 ml of red cells. 

The next problem encountered was that generally higher values 

were obtained for free than for total cholesterol in analyses of the 

same red cell extract. The same problem was reported by Boyd in his 

study of red cells. The original sizes of aliquots taken for each 

analysis in this study were similar to those used for serum analyses, 

i.e. triplicate 100 lambda aliquota for total cholesterol and duplicate 

200 lambda aliquots for free cholesterol from each laked red cell 

sample extraction. To increase spectrophotometric density readings 

of the total cholesterol analyses from a range of approximately 

0.025-0.060 to a range of approximately 0.050-0.120, aliquots were 

increased to 200 lambda and determined in duplicate with appropriate 

adjustments in reagents. As shown by the data presented in Table 2 

for red cell analyses for blood samples of four subjects, determined 

values for free and total cholesterol were more similar when aliquots 
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ab1e 2 

Concentrations of Free and Tot1 Cholesterol Determined for B.d OsU 
Semplea Before end After Increasing Alionots fox TotJ. Cholesterol Aualyus 

TOT.AL CHOLZSTEROL mE 
Aliquote Extract Mean .A1tqxot s Ixtract )Iøan 

SubJect Samoles xtxacts No. StIS JiOO RC No. Size */]OO 
7' 

#1 A A1 3 100 136 2 O 153 

£2 3 100 1)43 2 200 150 

B B1 3 100 13 2 200 150 

B2 3 100 1145 2 200 157 

C O 3 100 1h41 2 200 153 

02 3 100 126 2 200 135 

Me an . . . . . e s S S S S 139 . . . e . s s S 150 

#2 A A 3 100 111 2 200 118 

'2 3 100 125 2 o 

B B] 3 100 120 2 200 131. 

2 3 100 112 2 200 123 

o 3 100 119 2 200 129 

02 3 100 119 2 200 123 

M sen . . . . . e S S S . 118 . . . . s . s . a . s 126 

#3 A A1 2 200 133 2 ¿CO 133 

A2 2 200 135 2 200 137 

B i 2 200 137 2 200 

2 
2 200 133 2 200 128 

o C 2 200 132 2 200 131 

2 2 200 126 2 200 122 

Me n . . . . . . , s s . . . s 133 . . . . . . . . s i . . . s 133 

4 A A1 2 200 115 2 200 109 

A2 2 200 107 2 200 108 

B i 2 200 128 2 200 120 

B2 2 200 121 2 200 113 

1 en . . . . . . e s e s s s s 21 . . . . s . S S S 113 
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Pabl 3 

Pr.. ai4 Tot1 Cholesterol Concentrations ttermined in Duplicate Aliquots of xtract of 
Bed Cell Semples Fro* Two Subjects 

__________________________________- Total Free 
:xtract Aliquot Cholesterol xtract Cholesterol xtract 

Subject Sample Extrect Tretnent Ro. aJ1OO Jhen mg/lOO gri Meen 

rl A A1 Boiled (i) 123 119 
(2) 129 126 

126 122 
£2 Boiled (i) 132 131 

(2) 13h 135 
133 133 

B B1 Boiled (i) 135 132 
(2) 135 ])41 

135 137 
3., 
c 

BoIled (i) 
(2) 

135 i1i6 
146 lIso 

138 i'6 
C C1 Boiled. Ç1) 

2) 
1314 

131 
129 

133 132 
02 Boiled (i) 123 

(2) 129 119 
126 123 

,2 A A1 Boiled (i) 117 126 
(2) 114 113 

i16 120 
A2 Cold (1) 123 134 

(2) 125 129 
1214 132 

B i Boiled (1) 132 12S 
(2) 126 129 

129 129 
2 Cold (i) 132 134 

(2) 128 131 
130 133 

C C1 Boiled (i) 
(2) 

1t3 
11414 

147 
3)4]. 

11It 3)4)4 

C2 Cold (i) 126 128 
(2) 134 131 

130 132 
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for total cholesterol analyses were increased. The mean free and 

total cholesterol concentrations of extracts of duplicate samplings 

of each of two or three samples of laked red cells from each subject 

are presented. 

The degree of accuracy which is possible using this method for 

determining cholesterol in red cells is further illustrated by the 

data for free and total cholesterol for two additional subjects 

presented in Table 3. The cholesterol concentrations of duplicate 

aliquots from extracts of duplicate samplings of each of three laked 

red cell samples are presented for the two subjects. The extract 

mean total cholesterol values for the six extractions for subject #1 

ranged from 126 to 138 mg per 100 ml of red cells. Free cholesterol 

ranged from 122 to 146 mg per 100 ml of red cells. As has been 

discussed previously, the cholesterol concentrations from duplicate 

aliquots of three cold extracts for subject #2 were more consistent 

than those from hot extracts. The extract mean cholesterol 

concentrations determined by the cold extraction procedure ranged 

from 124 to 130 mg for total and 132 to 133 mg for free cholesterol 

per 100 ml of red cells. It is apparent that the variations in the 

cholesterol values were more of a problem of sampling either in the 

extracts or in the original samples than of cholesterol analyses. 

Consistency of cholesterol analyses is attested to by the generally 

similar values determined on duplicate aliquots of each extract. 

In addition, determinations were made on four samples of red 

cells to which known amounts of cholesterol were added. The 



25 

percentage recoveries were 98.4, 89.7, 80.4 and 99.0 for total 

cholesterol and 89.8, 83.0, 96.4 and 96.8 for free cholesterol. 

The cholesterol concentrations in the red cell fractions of 

blood from several subjects in this laboratory ranged fronz 98 to 155 

mg for total and 90 to 160 mg for free cholesterol per 100 ml of red 

cells. The values for total cholesterol reported by Erickson and 

co-workers (15, p. 15-35) on 16 normal children ranged from 100 to 

154 mg per 100 gin of red cells. Free cholesterol concentrations 

ranged from 77 to 114 mg per 100 gin of red cells. Brun's (1, p. 97) 

mean data were 139.1 t 5.1 for total cholesterol and -4.3 to -.- 7.1 mg 

for cholesterol esters per 100 ml red cells. Behrendt (1, p. 97) 

accepted normal total cholesterol values ranging between 125 and 150 

mg per 100 ml of red cells with practically all cholesterol as free 

cholesterol. Earlier findings of Boyd (9, p. 37-45) showed mean 

values of 144 for total and 128 mg for free cholesterol per 100 gm 

of red cells. 

Development of Method for the Determination of Cholesterol in White 
Cell Platelet Fraction 

In the determination of cholesterol in the white cell-platelet 

fraction of human blood the small size of the samples, and hence the 

presence of only small amounts of cholesterol to be measured, was the 

main problem encountered. The measurement of the size of the white 

cell-platelet sample and complete extraction of cholesterol fror: the 

cells were other problems faced. 



In investigating pertizient studies on the extraction of iipids 

the early study of Boyd in 1936 (10 p. 739-748) on the white cells 

of humans and the study of Burt arid Rossiter in 1950 (13, p. 569-572), 

who applied the method of Johnson et .L. (25, p. 573-577) for the 

extraction of lipids of brain tissues to the extraction of lipids 

in the white cells of rabbits, were reviewed. These investigators 

both used a method in which the white cells were ground in a mortar 

with sand; the lipids were extracted with 75 ml of acetone-ethanol 

(3:1) by Boyd and successive extractions of 50 ml each of ethanol, 

ethanol-ether (1:1) and ether by Burt and Rossiter. 

Due to the small size of the sample available from finger tip 

blood it was not practical to grind the white cells in a mortar. 

Therefore, the method of Burch, Bessey and Lowry (12, p. 457-470) 

was adapted. In extracting cholesterol from the white cells and 

platelets, the cells were evenly distributed in the bottom of the 

7 x 50 wt tube by a mechanical agitator to increase the area for 

extraction. At first the cells were not laked. The tube was kept 

agitated by holding it against the mechanical buzzer while the 

acetone-ethanol (1:1) was added to the cells. Using this procedure, 

rather coarse precipitates were obtained and very low amounts of 

cholesterol were determined. Later the cells were laked in 15 lambda 

of redistilled water before the acetone-ethanol mixture was added. 

This procedure resulted in finer precipitates and increased amounts 

of cholesterol were measured. Beasey, Lowry and Brock (3, p. 197-205) 
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used 5 per cent TCA* in deproteinizing the cells in their analysis 

of the white cell-platelet fractions for ascorbic acid. Therefore, 

a comparison was made between laking the cells in 15 lambda of re- 

distilled water followed by deproteinizing and extracting in 500 

lambda of acetone-ethanol or deproteinizing the cells in 15 lambda 

of 5 per cent TCA followed by extraction of lipids from the sample 

with 500 lambda of acetone-ethanol (1:1). When the acetone-ethanol 

extractant was added to the laked cells, fine precipitates were 

obtained, whereas when the TCA was used prior to the addition of 

acetone-ethanol, the final precipitates were coarse or lpy. The 

differences La the cholesterol values between the samples treated 

with redistilled water or with TCA were slight, however, although a 

for samples 

were higher than the samples that were treated with TCA. In extracting 

the white cells treated with either water or TCA, the tubes were 

kept agitated while the acetone-ethanol was added. The contents 

were then thoroughly mixed and the acetone-ethanol extracts were 

brought to a boil by placing the tubes in a boiling water bath for 

6-10 seconds. The tubes were centrifuged at full speed in a 

refrigerated centrifuge and the supernatants were sucked off and 

transferred to one ml volumetric flasks and made up to volume. 

A second extraction was made on the same samples and treated in a 

similar manner. The cholesterol values of both extractions were 

* Trichioroacetic acid 
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determined. A slight amount of cholesterol was obtained ia the 

second extraction in most determinations which made it desirable 

to combine the first and second extractions in the one nil volumetric 

flasks which were then made up to volume. Earlier experiments had 

shown insignificant amounts of cholesterol were present in third 

extractions of the white cell-platelet samples. 

The presence of only small amounts of cholesterol in the samples 

required an adjustment in both size of sample and size of aliquot. 

In the early part of the study 100 lambda alicjuots of the acetone- 

ethanol extracts of the white cells and platelets were analyzed for 

cholesterol, the same volume used for total cholesterol analyses of 

serum. The density readings ranged from 0.002 to 0.020. In order 

to increase the size of the white cell-platelet sample, the suspended 

white cells and platelets of two tubes of fractionated blood samples 

were combined in a single 7 x 50 iu tube, as previously described. 

To further increase the amount of cholesterol present in the aliquot 

for cholesterol analyses, approximately 400 lambda aliquots of the 

extracts were measured and then evaporated by placing the tubes ja 

a hot water bath. After evaporation, the residue was extracted with 

100 lambda or 200 lambda of acetone-ethanol (1:1) for total and 

free cholesterol determinations, respectively. The density readings 

obtained after the increase of the size of samples ranged between 

0.040 and 0.115, approximately an eight fold increase. From the 
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one ml acetone-ethanol extract of the white cell-platelet sample, 

duplicate 400 lambda aliquots of the extract were measured and 

analyzed singly for total and free cholesterol or determined in 

duplicate either for free or total cholesterol. In order to have 

duplicate determinations of free and total cholesterol of the white 

cell-platelet fractions, 0.4 ml of whole blood were required. 

The measurement of the amount of white cell-platelet fractions 

was another problem in the analysis. It was not practical to weigh 

or measure the vohzae of the packed cells. Burch, l3essey and Lowry 

(12, p. 457-470) calculated the amount of leukocytes present by 

the measurement of acid insoluble phosphorus although they stated 

that "the total phosphorus proved to be rather constant in con- 

centration in the white cells and as a consequence has been used as 

a basis for many hundreds of determinations.'t They reported that 

white cells contain an average of 33/LM of acid insoluble phosphorus 

and 28,,i4 of acid soluble phosphorus per gm of white cells; 

therefore there would be 6l,N of total phosphorus per gin of white 

cells. In their method, the acid insoluble phosphorus was measured 

by ashing the residue by the addition of 30 lambda of sulfuric acid, 

heating in an oven for 1 or 2 hours at a temperature range of 

95-98° C followed by the addition of 10 lambda of perchloric acid 

and heating in an oven for 2 hours at 145-160° C. Two hundred 

lambda of phosphate reagent was added for color development by 

the Fiske and Subbarow reaction. In this laboratory the method has 
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been adapted for larger samples by increasing the amount of perchioric 

acid ad increasing temperature and time in heating (24). 

I.n this study where lipids were extracted from the white 

cell-platelet fractions by acetone-ethanol, total phosphorus was 

determined by measuring both the acetone-ethanol soluble and the 

acetone-ethanol insoluble phosphorus. The acetone-ethanol 

insoluble residue in the bottom of the tube after the extract 

sliquots were removed was placed in a hot water bath to evaporate 

the small amount of excess acetone-ethanol. The residue was ashed 

by the addition of 30 lambda of 4.5 sulfuric acid and heated in 

a 95-100° C oven for 2 hours. Thirty lambda of 70 per cent 

perchioric acid was added to the tube and the tube was heated in 

another oven for 2 hours at a temperature which ranged between 

158-160° C. For color development, 200 lambda of phosphate reagent 

was added and the density of the color developed was measured at 

690 nu in a Beckman Spectrophotometer with micro-attachments. 

For the determination of acetone-ethanol soluble phosphorus, 

100 lambda aliquota, either singly or in duplicate, of the extracts 

were measured at the same time the aliquots for cholesterol analyses 

were measured. The acetone-ethanol aliquots were evaporated to 

dryness in a hot water bath. The procedure for digestion of sample, 

color development and measurement of the absorption at 690 iu were 

identical to that used in determining acetone-ethanol insoluble 

phosphorus. 
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In the phosphorus determination, the presence of only a small 

amount of phosphorus in the 100 lambda aliquot of the acetone-ethanol 

extract presented a problem. Due to the limited amount of the extract 

available, extreme care in the analysis and accuracy in readings were 

very important. The density readings of the 100 lambda aliquots 

ranged from 0.015 to 0.050. The sensitivity of the phosphorus method 

within this range was supported by the determination of a series of 

phosphorus standards of concentrations of 0.025 mM to 0.2 mM phos- 

phorus, with density readings ranging from 0.015 to 0.120. tn 

converting the phosphorus in the approximately 100 lambda aliquot 

of the acetone-ethanol extract to the total phosphorus of the one ml 

of extract, the phosphorus determined was multiplied by a calculated 

factor which was approximately 10. Total phosphorus in,MM was equal 

to the,.LiM of Cotai acetone-ethanol soluble phosphorus plus,LN of 

acetone-ethanol insoluble phosphorus. Using the value of 6lM of 
total phosphorus per gui of white cells, the amount of cholesterol 

present in a sample expressed in mg per 100 gui of white cells was 

calculated by multiplying the mg cholesterol per1aM phosphorus by 

61 X 100. 

The degree of reliability of the method for Che analyses of free 

and total cholesterol in the white cells and platelets is illustrated 

in Table 4 by the cholesterol concentrations determined from single 

or duplicate aliquots of multiple extractions of the cells of 

several individual subjects. Inspection of the results indicates 

that the method shows promise. Although rather wide variations in 
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Table 

Cho1etero1 Coxicentrattons Deterrntned. tn Single or Thiplicte 
Aliquote of Zxtrtcts of Vhite Ce11-Pltelet Samzles of your Subjects 

White Cell- Total Free 
Platelet !xtraction Cholesterol Choie sterol 

Subject Sample Altuot 12gJ100 gm ng/lOO gn 

l A (i) 1809 1196 

B (i) 1792 9143 

C (i) 1962 
D (i) 2033 1355 
1 (i) l414S 6ss 

F (i) 1739 ii6o 

M can . . . . . . . . . 178 2 . . . . . io6 

2 A (i) 1380 1283 
B (i) 2650 1008 

C (i) 1007 807 

D (i) 11465 1017 
. (1) 1275 627 

Me an . . . . s s s . . 1555 . . . . . 9148 

3 A (i) 5314g 3321 

B (i) 5221 9142 

C (i) 2897 11483 

D (i) 3866 ioGG 

(i) 14803 1352 

lla 

Me an . 

A 
. . . . . . 

(i) 

. . . . 31427 . . . . a 1621 

(2) 141433 

Mean . . 14338 

B (1) 358 
(2) 

C 

Mean 

(1) 

. . 

3695 

3526 

(2) 3391 

Mean . . 3517 

D (i) 3790 

(2) 

Mean . . 3971 

(1) 146o 

(2) 3050 

F 
Mean 

(1) 
. 

31426 

3255 

(2) 

Mean . . 31426 

Mean . . , , . . . . . 3672 
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determined cholesterol concentrations among multiple samples from 

the same individual occur, there tends to be a range of values 

characteristic of each individual. This is more apparent for values 

determined for total than for free cholesterol. The values for 

total cholesterol from single aliquots of 6 white cell-platelet 

extracts for subject il were 1809, 1792, 1962, 2033, 1448 and 1739 

with a mean value of 1782 mg per 100 gin of white cells. The free 

cholesterol values were 1196, 943, 1355, 688 and 1160 with a mean 

value of 1068 mg per 100 gin of white cells. For subject #2 total 

cholesterol concentrations from 4 of the 5 extractions and free 

cholesterol concentrations from all of the 5 extractions agreed 

comparatively well. The values in mg per 100 gin of white cells 

were: 1380, 2650, 1007, 1465, and 1275 for total and 1283, 1008, 

807, 1007 and 627 for free cholesterol. The total cholesterol con- 

centration for extract B deviated markedly from the values for the 

other extracts, although the value obtaíned for free cholesterol 

from extract B was comparable with y. iues of the other extracts. 

The cholesterol values for subject #3 had wider quantitative 

variations than those of subjects #1 and #2. The total cholesterol 

values were 5348, 5221, 2897, 3866 and 4833 mg per 100 gin of white 

cells and the free cholesterol values were 3321, 942, 1483, 1006 and 

1352 mg per 100 gin of white cells. Two of the values determined for 

total cholesterol and one of the values for free cholesterol deviated 

markedly. 



In this method for measuring cholesterol in white cell-platelet 

fractions, the final cholesterol value can be affected both by errors 

of the cholesterol analyses and by those of the total phosphorus 

method for estimating the weight of the white cells in the sample. 

To check the cholesterol analyses duplicate aliquota of each of six 

extracts of white cell-platelets of blood samples of subject #4 were 

analyzed for total cholesterol. No free cholesterol determinations 

were made. The extract mean total cholesterol concentrations were 

4338, 3526, 3426, 3971 and 3255 with a sample mean of 3672 ing per 

100 gm of white cells. It can be seen in Table 4 that the differences 

between total cholesterol for the duplicate aliquots of each extract 

were less than the variation among total cholesterol values for the 

several extracts. Differences were apparently due more to variations 

in total phosphorus determinations. 

In order Co check the determination of total phosphorus to the 

extent possible, aliquots of the acetone-ethanol extract were analyzed 

in duplicate for phosphorus as well as for cholesteo1. Only a single 

determination of the acetone-ethanol insoluble phosphorus for each 

extraction was possible. The data from the analysis of duplicate 

aliquots for cholesterol and of duplicate aliquota for acetone- 

ethanol soluble phosphorus from six extractions for total and six 

extractions for free cholesterol for one subject are presented in 

Table 5. 

In order to determine the extent of influence of the variations 

in the soluble phosphorus determined for each aliquot on the 
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Thble 5 

ree nitd Tot& Cholesterol Concentrattons Determined for White Cell-Platelet rctionß for One Subject 
Uzing Ap1icate A]iquota for Cholesterol and for Acetone Eth&nol-Soluble Phoephorus Meeurements 

WC-Platelet 
Sam:ple 

Extraction 
Ilipuot 

Soluble 
Phosphorus 

, 

In.oluble 
Phosphorus 

Total. 

Pho.phorue Cholenterol 
Cholesterol /1.00 gm WO 
Mean Range 
sioo jioo 

rota]. Oholeetero]. 
Â (1) .0077 .0058 .0135 OO41 1300 ( 179 - 1853 ) 

(2) .00$5 ,O1l3 .00143 ( 
jgI. ].9)43 

) 

Mean .0081 .0139 .00142 ]14. 
( ].79 1943 ) 

B (1) .00S9 oo65 .O154. .00112 1175 ( i66)t. _ 1$70 ) 

(2) .0072 .0137 .0037 i'i6 C iI.66 - i6li.s ) 

Mean .001 .oi6 cxÑo i66i ( i'.66 -io ) 

C i) .0017 oo66 .01)43 .0035 ])4Ñ ( 
1331$. 1493 ) 

(2) .0094 .oi6o .0033 1333 ( i25 - 3)408 ) 

Mean .0085 .0151 .0034 137k ( 1258 - 1493 ) 

D (1) ---- OO1.9 .0105 .0043 2498 t 21198 - ) 

(2) .006 .0045 2615 ( 2615 - ---- ) 

Mean oo6 .0105 .004.k 2557 ( 49S - 2615 ) 

E (1) .0068 .0059 .0127 .0029 1162 ( 1393 - 1538 ) 

(2) .006 .0115 .00fl. 2067 ( 1969 - 2175 ) 

Mean .0062 .012). .0035 1765 ( 1393 - 2175 ) 

I (1) .0077 .0063 ,oi'o .0025 1030 ( 971 - 1090 ) 

(2) .009 .0157 .002ß 1154 ( loss - 1220 ) 

Meen .0085 ,O1 .0027 1092 ( 971 _ 1220 ) 

Free Choie aterol 

G (i) .006)4 .0051 .0115 ---- -- 
(2) .007 .0128 .0013 90ß ( 85$ - 955 ) 

14san .0010 .0123. .0018 908 ( 85s - 955 ) 

R (i) .006s oo3G .oioli .00io 622 ( 5$7 - 663 ) 

(2) .0056 .0092 .0012 7117 ( 7014 _ 795 ) 

Mean .0062 .0098 .0011 685 ( 57 - 795 ) 

I (i) .0102 .006 .oÑs .000 $03 ( 7fl - S23 ) 

(2) .0111 .0157 .0022 93 ( $55 - 907 ) 

Meen .oio6 .0152 .0021 848 ( iTT - 907 ) 

J (i) .00si .003$ .0119 .0017 867 ( #3 - S72 ) 

(2) .0085 .0123 .0017 s6 ( &43 - 72 ) 

Meen .0083 .0123. .0017 ( &43 - 872 ) 

lt (i) .0061 .00O .0i014 ---- --- ( ------ ) 

(2) .0055 .0095 .0012 7I2 ( 703 - 770 ) 

Mean .0060 .0100 .0012 7l2 ( 703 - 770 ) 

L (i) .0200 .0095 .0295 .0012 251 ( 235 - 248 ) 

(2) .0217 .0312 .0013 26]. ( 251. 9 ) 

Mean s 0209 s 03th s 001 3 251 ( 235 269 ) 
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cholesterol concentration calculated for each extract, cholesterol 

in mg per 100 gm of white cells was calculated for each extract in 

terms of each cholesterol and total phosphorus value as well as from 

the mean values. The mean extract values for total cholesterol 

ranged from 1092 to 2557 ing per 100 gin of white cells; four out of 

the six values were 1844, 1661, 1374 and 1765 mg per 100 u of white 

cells. The high value for extract D would indicate that the single 

acetone-ethanol soluble phosphorus determination was probably low. 

One aliquot was lost. The low value for extract F, however,does not 

appear to be an error of phosphorus determination. The free choies- 

terol values for five out of the six extractions were 908, 685, 848, 

867 and 742 ing per 100 a of white cells. The low value for extract 

L, which was 261 mg per 100 gui of white cells, would appear to be a 

result of a very high total phosphorus value, bOth soluble and in- 

soluble phosphorus, without a higher cholesterol value determined. 

The widest variation in total cholesterol values obtained from any 

single extract was that of extract E. The values ranged from 1393 to 

2175 mg per 100 gin of white cells. The wide range was due to the 

marked difference in the cholesterol values for the two aliquots. 

Although the differences in the values for the duplicate aliquots 

of acetone-ethanol soluble phosphorus for each extraction were rather 

wide, their differences do not account for the total variation among 

calculated values of cholesterol in mg per 100 of white cells for 

the several extracts. In order to limit variations in the cholesterol 
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determined for each extract, extreme care and accuracy in the 

measurement of insoluble phosphorus together with the measurement 

of soluble phosphorus and cholesterol are necessary. 

The cholesterol values obtained in the white cell-platelet 

fractions of blood from several subjects in this laboratory ranged 

from approximately 1000 to 6000 and 700 to 1500 mg per 100 gin of 

white cells for total and free cholesterol, respectively. These 

are significantly higher than the cholesterol concentrations for 

white cells and platelets reported in the literature. 

From his study on the lipid content of the white cells of 

eight normal young women, Boyd (8, p. 623-633) reported cholesterol 

values in mg per 100 gin of white cells as; 361, 181, 332, 259, 329, 

304, 257 and 375 for total, 71.7, 173, 245, 75.8, 117, 304, 145.5 

and 420 for free and 269.3, 7, 87, 183.2, 212, 0, 111.5 and O for 

combined, with mean values of 300, 194 and 110, respectively. In a 

later study of Boyd (10, p. 739-748) on the cholesterol concentrations 

of the white cells of 23 normal adults, he reported a range of 111 to 

492 for total, 72 to 452 for free and O to 289 for esters, with mean 

values of 320, 238 and 82 mg, respectively, per 100 gin of white cells. 

Cholesterol ester concentration varied markedly among individuals. 

The percentage of total cholesterol in the free form also varied 

over a wide range. 

Both the method used in the estimation of the amount of white 

cells and the method for determining cholesterol differed between 

Boyd's method and the method used in this laboratory. L3oyd mauc use 



36 

of the direct method of weighing white cells and determined choies- 

terol by digitonin precipitation and manometric measurement following 

oxidation. In this study the indirect method of estimating the total 

weight of the white cells and platelets by total phosphorus determi- 

nation was used and cholesterol was determined using the principles 

of the Sperry and Webb method of digitonin precipitation and the 

Liebermann-Burchard color reaction. It is recognized that cholesterol 

concentrations of blood serum determined by the different cholesterol 

methods do differ but they do not differ as widely as the entirely 

different range of cholesterol concentrations of the white cells and 

platelets determined by this method and by Boyd's method, Although 

the phosphorus determination was an indirect method of estimating the 

total weight of the white cells and platelets, total phosphorus or a 

phosphorus fraction has been used as a reliable basis for estimating 

the amount of white cells and platelets in many studies (3, p. 197- 

205; 12, p. 457-470). It is recognized that if the total phosphorus 

determination was in error by being low then the calculated choies- 

terol in mg per 100 g of white cells would be high. However, the 

determined values for total phosphorus would not seem to be markedly 

low because the mM total phosphorus for these samples of white cells- 

platelets from 0.2 ml of blood were comparable to the mM total 

phosphorus that would be represented by the mM of acid insoluble 

phosphorus which have been determied routinely in this laboratory on 

white cell-platelet residues of 0.3 ml blood samples. The reason 

for the marked difference in values determined by this method from 

those of Boyd is unknown at this time. 
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METHOD 

Reagents 

The reagents used in the isolation of the red cell and the white 

cell-platelet fractions of blood and in the phosphate determinations 

were identical to those of Burch, Bessey and Lowry (12, p. 457-470). 

The reagents for cholesterol determinations were the saine as those 

of Sperry and Webb (33, p. 97-106) except for the modifications 

introduced by Stirniman (34) in the preparation of the 10 per cent 

acetic acid and of the potassin hydroxide. 

1. Solvents: Acetone-absolute ethanol (1:1), acetone-ether 

(1:2), ether, tested peroxide-free. Acetone and ethanol 

were redietilled. 

2. Acetic acid solution, 10 per cent La alcohol. 

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

4. Acetic anhydride (AC.S.). Refrigerated after opening. 

5. 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 (55 ml of 95 per cent alcohol and 45 ml of 

redistilled water). 

6. Potassi hydroxide solution, 16.5 per ct. 

Approximately 33 per cent potassizn hydroxide solution was 

made by dissolving 5 gms of pure potassium hydroxide in 10 ml 

of freshly boiled and cooled redistilled water. Three ml of 

approximately 33 per cent potassium hydroxide solution was 

mixed with 3 ml freshly boiled and cooled redistilled water. 

This solution was made every 2 weeks. 
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7. Potassium oxalate, 1.6 per cent, made from an 8 per cent 

solution. 

8. Phenolphthalein solution, 1 per cent in alcohol. 

0.3 gin of phenolphthalein was dissolved in 30 ml of 95 

per cent ethyl alcohol. 

9. Perchioric acid, 70 per cent. Purchased as such and used 

undiluted. 

10. Sulfuric acid, concentrated, C.P. 

11. Sulfuric acid, 4.5 N. 

12. Phosphate reagent 

0.3 gin of powder (stable indefinitely) consisting of S 

per cent Na2SO3, 94.3 per cent NaHSO3 and 0.7 per cent 

1.4 aminonaphtholsuZfonic acid was dissolved in 45 ml 

of water. To this solution was added 5 ml of 2.5 per 

cent annontum inolybdate in water . This phosphate reagent 

was stable fór two weeks when refrigerated. 

13. Stock standard solution of phosphorus in 4.5 112804. 

680 mg 12PO4 made up to 500 ml with 4.5 N 112SO4 This 

is a 10 mM stock solution. 

Working standard solution of phosphorus, 0.1 mM solution. 

10 nil of stock diluted to 100 ml with 4.5 N H2SO4. 

14. Stock standard solution of cholesterol in glacial acetic 

acid, 100 mg per lOO ml. 100.0 mg cholesterol (Eastman) 

made up to 100 ml with glacial acetic acid. 

Working standard solution of cholesterol, 0.04 mg per ml. 
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1.0 ml of stock standard solution of cholesterol made up 

to 25 ml with glacial acetic acid. 

Equipment 

1. Bard-Parker Blade No. 11. 

2. Serological tubes, 6 x 50 mm (used in cholesterol de- 

terminations) and 7 x 50 mm tubes (used in phosphorus 

determinations of white cells and platelets). 

3. Footed glass stirring rods with small balled ends. 

4. Constriction pipettes approximately 5, 15, 40, 50, lOO, 

200, 400 and 500 lambda. The pipettes were calibrated 

according to the weight of water delivered and cleaned 

by suction through redistilled water and redistilled 

acetone. Calibrated pipettes: 40.9, 50.2, 94.8 and 

201.4 lambda. 

5. Constriction pipette,. vide tipped, filmed with parawax: 

approximately 100 lambda. 

6. Hypodermic syringe set at 0.2 ml volume and syringe holder. 

7. Refrigerated centrifuge with automatic timing device. 

8. Transfer pipettes, with constriction and long fine point, 

not calibrated. 

9. Stop watch. 

10. Buzzer, mechanical agitator 

il. Timer 

12. Wooden racks to hold one ml volumetric flasks. 
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13. Metal racks to hold 6 x 50 r tubes. 

14. Wire racks to hold 7 x 50 ¡mm tubes. 

15. One ml volumetric flasks with stoppers. 

16. Rubber caps. 

17. Volumetric pipettes and volumetric flasks. 

18. Beckman Spectrophotometer, Model DU, with micro-attach- 

ment obtained from Pyrocell Corporation. 

19. Water bath. 

20. Sand bath. 

21. Ovens set at temperatures of 98-100°C, 110-115°C and 

158-160°C. 

22. Dark cabinet set at 28°C. 

23. Glass vials, approximately one ml, for collecting blood. 

Procedure 

Isolation of Red Cell and White Cell-Platelet Fractions 

Blood samples were obtained from the finger tip using a Bard- 

Parker blade and were collected into small vials. With a paraffin 

lined pipette, approximately 0.1 ml aliquots of fre8h blood were 

delivered into 6 x 50 mm tubes containing 0.5 ml of 1.6 per cent 

potassium oxalate. The samples were mixed gently with footed stirring 

rods to assure even distribution of the cells. The samples were 

centrifuged at 450 rpm for 12 minutes. About two thirds of the 

supernatant containing the suspended white cells and platelets of 

each of two tubes were transferred to a 7 x 50 ¡mm tube. The 

transferred sample was recentrifuged for another 12 minutes at 450 rpm 
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to separate any red cells which might be present in the suspension. 

In the original tubes, the supernatant solutions that remained 

together with the upper portion of the red celi layer were drawn off 

and discarded. The tubes containing th. suspension of white cells- 

platelets and the tubes containing the remaining red cells were 

centrifuged at full speed for 20 and 60 minutes, respectively, and 

the supernatant liquids were discarded. The packed cells were ready 

for analysis. 

Extraction of Lipids 

Red cell extraction. With a constriction pipette 40 lambda of 

red cells was delivered into a tube containing 100 lambda of re- 

distilled water. The mixture was buzzed and allowed to stand for at 

least 5 minutes to lake the cells. Duplicate 40 lambda aliquots of 

the laked cells were pipetted into separate one ml volumetric flasks 

containing 0.7 ml of acetone-ethanol mixture (1:1). In order to 

obtain fine precipitates, the acetone-ethanol mixture was kept in 

motion while the laked cells were added by holding the flask against 

the buzzer and then thoroughly mixed to facilitate cold extraction. 

The solution was made up to volume. The flasks were stoppered, 

buzzed and centrifuged for 30 minutes at full speed in a refrigerated 

centrifuge (0°C). The precipitate was packed well at the bottom and 

aliquots of acetone-ethanol extract for cholesterol analysis were 

measured directly from the flasks. 

White cell platelet extraction. The 7 x 50 imn tubes containing 

the white cells and platelets were buzzed to distribute the cells. 

The cells were laked in 15 lambda of redistilled water and allowed 
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to stand for about 5 minutes. Five hundred lambda of acetone-ethanol 

(1:1) was added while the tube was held against the buzzer. The 

solution was brought to a boil by placing the tube in a boiling water 

bath for approximately 6-10 seconds. The mixture was centrifuged at 

full speed for 30 minutes to pack the precipitate. The extract was 

sucked off and transferred to a one ml volumetric flask. A second 500 

lambda of acetone-ethanol was added to the same tube while the tube 

was buzzed for a second extraction. The mixture was heated and 

centrifuged in the same manner and the extract was added to the 

volumetric flask containing the first extraction. Acetone-ethanol 

was added to bring the volume to one ml. 

Precipitation of Cholesterol Digitonide 

Free cholesterol from red cell extracts. Duplicate 200 lambda 

acetone-ethanol extracts of red cells were pipetted into 6 x 50 mm 

tubes. Five lambda of alcoholic 10 per cent acetic acid and 100 

lambda of digitonin solution were added to each tube. The tubes were 

buzzed, capped and stored in the dark at room temperature overnight 

to precipitate the cholesterol digitonide. Triplicate blanks con- 

taining 200 lambda of acetone-ethanol were treated in the same manner. 

Total cholesterol from cell extracts. Duplicate 200 lambda 

aliquots of acetone-ethanol extracts of red cells were pipetteci into 

6 x 50 nu tubes. Ten lambda of 16.5 per cent potassium hydroxide 

was added to each tube. The tubes were buzzed carefully until 

emulsified and placed in a 38° C water bath for 30 minutes for 



45 

saponification. After cooling the tubes to room temperature, 5 

lambda of phenolphthaleiii and 30 lambda of alcoholic 10 per cent 

acetic acid were added to bria8 the samples to slight acidity. The 

tubes were buzzedand, if the solutions were not completely acidified, 

another 5 lambda of lO per cent acetic acid was added. One hundred 

lambda of digitonin solution was added, the tubes were buzzed, capped 

and stored in the dark at room temperature overnight. Triplicate 

blanks containing 200 lambda of acetone-ethanol reagent were treated 

by the same procedure. 

Free j total cholesterol from white cell-platelet fractions. 

Duplicate 400 lambda aliquota from each of the tuo extraction filtrates 

of white cells and platelets were pipetted into 6 x 50 mm tubes and 

allowed to evaporate totally in a hot water bath. After evaporation, 

the pair from one extraction was used for free cholesterol analysis 

and the pair from the other was used for total cholesterol aualysis. 

While the tubes were still hot, 100 lambda of acetone-ethanol (1:1) 

was added immediately to one pair of tubes to re-extract the residues 

for total cholesterol determinations and 200 lambda was added to the 

other pair of tubes for free cholesterol determinations. The pro- 

cedures for precipitatioz of the free and total cholesterol from the 

white cell-platelet extract were generally the same as those used in 

the precipitation of cholesterol from red cells. The differences 

were: 1) only 5 lambda of potassitmi hydroxide was used for 

saponification of the cholesterol esters, 2) lOO lambda of solvent 

was added to the tubes for total cholesterol determination after 

saponification to bring the volume to 200 lambda and 
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3) approximately 15 lanibda of 10 per cent acetic acid was added 

to bring the samples to slight acidity. 

Washing of Cholesterol Digitonide Precipitates 

The following day, the caps were removed and the tubes buzzed 

gently to loosen any precipitate that might have adhered to the sides 

of the tube. The tubes were centrifuged at full speed for 30 minutes 

in a refrigerated centrifuge. The supernatants of the free and total 

cholesterol digitonide precipitates of the red cells were poured off 

carefully and the tubes were allowed to drain on a rack. The super- 

natants of the white cells and platelets were sucked off as per the 

serim method (19, p. 226-232). The walls of the tures were washed 

with 200 lambda of acetone-ether (1:2) delivered from a 2 nil syringe 

pipette. The tubes were buzzed and then centrifuged for 30 minutes 

at full speed. The supernatants of the white cells and red cells were 

sucked and poured off, respectively, as described above. The total 

choleeterol digitonide precipitates were washed once with ether and 

the free cholesterol precipitates were washed twice more with ettier 

in a similar manner. The tubes were placed in a warm water bath to 

evaporate any remaining ether. The dried samples may be stored for 

several days at this stage. 

Drying of Cholesterol Digitonide Precipitates 

The tubes were arranged in a rack which was placed in a shallow 

pan containing preheated sand. The cholesterol digitonide precipitate 

were dried for 30 minutes in an oven which was kept at a constant 

temperature range of 110_1150 C. 
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Color Development 

The pan containing the tubes in a rack partially submerged in 

sand was removed from the oven. The rack was kept in the hot sand to 

keep the tubes hot while glacial acetic acid was added to each tube 

to dissolve the precipitates. Fifty lambda of acetic acid was added 

to the first tube while the tube was rotated slightly to wash down 

any precipitates that might have adhered along the sides of the tube. 

The tube was tapped with a finger three times and returned to the hot 

sand for approximately 2 minutes. In the meantime acetic acid was 

added iii order to the next three tubes which were tapped similarly 

and placed in hot sand. The first tube was then removed from the 

sand and placed in a rack at room temperature. This procedure 

continued until all the tubes were similarly treated. Triplicate 

standard tubes containing 50 lambda aliquots of a standard solution 

of 0.04 mg of cholesterol per ml were placed in the rack, one at the 

beginning and one at the end of the series of tubes. Triplicate 

blanks of 50 lambda of glacial acetic acid were prepared. 

The Liebermann-Burchard reagent (acetic anhydride-sulfuric acid, 

20:1) was prepared by mixing the solution a the acid was added 

drop by drop to the ice cold acetic anhydride held in an ice bath. 

The reagent was mixed thoroughly and allowed to stand in an ice bath 

for 10 minutes before using. 

Time is very important in color development of the Liebermann- 

Burchard reaction. One hundred lambda of the Liebermaun-Burchard 

reagent was added to each tube in groups of three tubes every 
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3 minutes (or every 2 minutes). The samples were buzzed and placed 

in a 28° C water bath in a dark cabinet. At exactly 30 minutes after 

the addition of the Liebermann-Burchard reagent the density of color 

was measured in the Beckman Spectrophotometer, Model DU, with micro 

attachments at a wavelength of 635 u,t without filter. The densities 

of the samples were read against glacial acetic acid. The aliquots 

were transferred to the micro-cuvettes by a pipette. Between readings 

the cuvettes were not washed but the solutions were removed by means 

of suction using fine pipette tipped with polyethylene tubing. 

Measurement of Total Phosphorus in White CellPlatelet Fractions 

Total phosphorus of the white cell-platelet fractions was 

calculated from the determination of acetone-ethanol insoluble 

phosphorus plus the acetone-ethanol soluble phosphorus. 

To the 7 x 50 ima tubes containing the acetone-ethanol insoluble 

phosphorus of the white cell residues, 30 lambda of 4.5 N 112SO4 was 

added. The samples were mixed by gentle tapping. Triplicate blanks 

of 30 lambda of 4.5 N H2SO4 and triplicate standard solutions of 30 

lambda of 0.1 mM K112PO4 were prepared. The tubes wore heated in an 

oven for 2 hours at a temperature range of 98 to 1000 C. The tubes 

were cooled in a desiccator (samples could stand overnight at this 

point) and 30 lambda of 70 per cent perchioric acid was added to each 

tube. The samples were placed in another oven for 2 hours at 158 to 

160° C. After the tubes were cooled, 200 lambda of phosphate reagent 

was added to each tube and the tubes were mixed. The mixture was 



49 

allowed to stand for 30 minutes. The tubes were buzzed after 15 

minutes and just before the aliquota were transferred to the micro- 

cuvettes. The density of color produced by the Fiske and Subbarow 

reaction was measured in a Becan Spectrophotoreter, Model DU, 

using micro-attachments at a wavelength of 690 u. 

Duplicate loo lambda aliquots of the acetone-ethanol extract 

of the white cells and platelets were delivered into 7 x 50 na tubes. 

The tubes were allowed to evaporate totally in a water bath and 30 

lambda of 4,5 N H.,SO4 was added to each tube. The same procedure as 

that described for insoluble phosphorus was followed. 

Calculations 

Free and Total Cholesterol in Red Cells: 

Mg cholesterol (free or total) per 100 u1 red cells s 

DR D; 
m; ciolesterol in Std X 

volume' red cells in Dstd 
aliquot 

where DR _ density of the red cell aliquot 

Dß * dn&ity of the blauk 

DStd _ densíty of standard 

Free and Total Cholesterol in White Cel1 an Platelets: 

Mg cholesterol (free or total) per 100 gm white cells and 

platelets : 

Dw _ DR X mg cholesterol in Std X lOO 

D weight of white cells- Std 
platelets in aliquot 
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where Dw - density of white cell-platelet aliquot 

- density of blank 

Dstd - density of standard 

Total Phosphorus: 

Acetone-ethanol soluble phosphorus : 

D1, - Dß X 1L4N phosphate Std X 10 

Dstd 

where D1, - density of phoapkorus 

DB - density of the blank 

- density of the standard 

Acetone-ethanol insoluble phosphorus : 

D1, - Dß X z&M phosphate Std 

Dstd 

1UN Total Phosphorus s Soluble Phosphorus -I*a3ub1* Phosphorue 



SUMMARY AND CONCLUSIONS 

The micromethod of Galloway and co-workers for the determination 

of free and total cholesterol in 0.04 ml of ser.un has been adapted 

to the analyses of free and total cholesterol in red cell and white 

cell-platelet fractions separated from 0.4 ml of finger tip blood. 

In the adaptation of the method to the analyses of cholesterol 

in red cells, completeness of extraction of cholesterol from the 

cells was the principal problem encountered. 

In the adaptation of the method to the analyses of white cells 

and platelets, the small size of the sample and completeness of 

extraction of cholesterol were the main problems faced. Total 

phosphorus was the basís used to estimate the weight of the white 

cell-platelet sample. 

Free and total cholesterol in red cells have been successfully 

determined usine 0.2 ml of finger tip blood. The concentrations in 

the red cell fractions of biood from several subjects determined by 

this method ranged from 98 to 155 mg for total and 90 to 160 mg for 

free cholesterol per 100 ml of red cells. It is apparent that total 

cholesterol exists essentially in the free state. These data are 

in agreement with previous reports. 

The method for the analyses of free and total cholesterol in 

the white cells and platelets shows promise. Although there is a 

rather wide variation Lu the cholesterol concentrations determined 

in multiple aliquots of the white cell and platelet fractions, there 

tends to be a range of values characteristic of each individual. 
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The cholesterol values determined for white cell-platelet fractions 

of blood from several subjects by this method ranged from approxi- 

mately 1000 to 6000 mg for total and 700 to 1500 mg for free per 

100 gin of white cells. These are higher than the cholesterol con- 

centrations for white cells and platelets reported in the literature. 

The reason for the difference in cholesterol values determined for 

white cell-platelet fractions by this method from those previously 

reported is unknown at this time. 
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