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ABSTRACT

Several methods for the analysis of tocopherol in plasma 

were compared for the criteria of reproducibility, recovery and 
bias, linearity, variation, specificity, sensitivity, ease of 

execution, required apparatus, and analysis time. The methods 

studies included colorimetric, fluorometrie, and chromatographic 

approaches to plasma tocopherol analysis. In general, all methods 
showed marked differences in performance between tocopherol standards 

in ethanol and plasmae This demonstrated the importance of performing 

a tocopherol standard curve in plasma spanning the concentrations 

found in humans o In relating experimental values with actual plasma 
tocopherol concentrations5 the use of a regression line was found to 

be more comprehensive than percent recovered since both proportional 

and constant bias are included. A rating scheme was used to compare 

methods. All methods were found to be reproducible. The fluoro- 
metric method was found to be the method of choice with superior 

ratings for sensitivity9 analysis time, ease of execution, linearity, 

and variation. The colorimetric methods were superior in analysis 
time, ease of execution, and required apparatus and would be an 

acceptable substitute for the fluorometric method if a fluorometer 

is not available. Finally, the chromatographic methods are only 

indicated when the concentration of a specific tocopherol is desired.



INTRODUCTION

Plasma tocopherol levels are important in assessing tocoph
erol fs role in human nutrition. . Presently several methods for 

measuring plasma tocopherol levels are used. However9 no single 

method is universally accepted as the method of choice. In an ex

tensive review s Bunnell (1967, p. 299) concluded that "more work 
should probably be done with blood plasma, carefully comparing several

methods before final conclusions can. b e .drawn concerning the precision,__
accuracy, and specificity of the methods." It is the purpose of this 
thesis to compare a number of different methods to determine which 

methods are optimal based on the criteria of reproducibility, recovery 

and bias, linearity, variation, specificity, sensitivity, ease of 
execution, required apparatus, and analysis time.

The methods for this study were chosen because they are estab

lished, frequently cited, and representative of the three most common 

approaches to plasma tocopherol analysis. These approaches, in order . 
of increasing specificity, are colorimetric determination based on 

the ability of a lipid extract of plasma to reduce iron(III) to 

iron(II) (Quaife, Scrimshaw, and Lowry 1949, Hashim and Schuttringer 
1966),, a fluorometric measurement of this lipid extract at specific 

wavelengths for tocopherol (Hansen and Warwick 1966), and chromato

graphic procedures which purify._the sample before quantifying

/ . 1



tocopherol using either the colorimetric procedure or a flame ioniza

tion detector (Bieri and Prival 1965). However» before discussing 
these approaches and specific methods in more detail, some underlying 

concepts, common to all these procedures, will be considered.

Underlying Concepts 

In order to understand the approaches employed in tocopherol 
analysis and appreciate the degree of difficulty involved, a brief 

review of some underlying concepts regarding the chemical properties 

of tocopherol, artifacts of analysis, and plasma extraction methods 
is necessary.

Chemical Properties of Tocopherol

Of the eight naturally occurring tocopherols, alpha-D,L- 

tocopherol has the greatest biological activity and is the most 

preyalent (85%) tocopherol in plasma (Bieri and Prival 1965). Hence, 

alpha-tocopherol is the mos t important tocopherol in terms of analysis 

It should be realized that the remaining 15% of plasma tocopherols are 

mainly gamma and beta tocopherols which have substantially reduced 

bioactivity. Only chromatographic methods can distinguish the dif

ferent forms of tocopherol. The colorimetric and"f Tuotome trie methods 
are nonspecific and give a value referred in the literature as "total 

tocopherols." Since total tocopherols may overestimate-alpha-- - .

tocopherol levels, the investigator must decide on the specificity 

desired before choosing a method.for tocopherol analysis.
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Structurally9 alpha-tocopherol belongs to the tocol class of 
tocopherols having a saturated side chain (tocotrienols? side chain 
is unsaturated) attached to a trimethyl substituted chroman nucleus 

(see Figure 1) » Beta and gamma tocopherols are dimethyl substituted., 

Tocopherol*s primary chemical property from an analytical9 and prob

ably biological9 viewpoint is the ease of oxidation of the hydroxyl 

froup forming the quinone (see Figure 2) (Arrhenius 19659 Bieri 1969)* 
The oxidation in the presence of molecular oxygen is catalyzed by 

base, heat9 metal ions such as iron, or daylight (Bieri 19693 Bunnell 

1971). Since most methods measure only tocopherol and not its 
quinone, analytical procedures must be designed to minimize tocoph

erol’s exposure to these conditions. Interestingly5 in an analysis 
of tocopherol in erythrocytes, oxidation of tocopherol could not be 

prevented, so the investigators purposely oxidized all the tocoph

erol and measured the quinone by gas liquid chromatography (Bieri, 

Poukka, and Prival 1970).
Several precautions may be taken during analysis to prevent 

tocopherol oxidation. Inert gases such as argon (Arrhenius 1965)9 

_.nitrogen (Bieri and Prival 1965, Storer 1974)9 or carbon dioxide
(Arrhenius 1965) can displace oxygen from plasma, solvents, extraction 
apparatus9 chromatography chambers, etc. However, the majority of 

reported assays do not attempt to remove oxygen with an inert gas.

The presence of oxygen may lower recoveries. In order to assess the 

„ effect of oxygen on recovery, the author included a modified method 

of Hashim and Schuttringer (1966) in this study.
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To prevent photodecomposition9 the assay should be done in 

diffuse lighting and/or should use sample containers covered with 

alminum foil. Fluorescent lighting appears to he less catalytic than 
daylight (Bieri 1969).

Heating has been employed for evaporation and saponification 
procedures. In evaporating steps which change or concentrate solvents^ 

procedures which remove the solvent in vacuo with reduced heat or which 
evaporate the solvent under a stream of nitrogen are preferred to heat 

alone. In saponification steps employed in some assays to remove 

lipids (e.g. Bieri and Prival 19659 Bieri 1969), the plasma is heated 

in the presence of concentrated base.such as potassium hydroxide. Thus 
two oxidation catalysts, heat and alkalinity, are present during 

saponification. To prevent oxidation during saponification, air may 

be excluded before adding the base by heating and/or flushing with 

nitrogen. Also, antioxidants, such as pyrpgallol, may be added to the 

reaction mixture.

Finally, metal ions may be present in catalytic amounts in 
solvents, reagents, chromatographic adsorbents, and plasma. Untereker, 

Kater, and Denton (1970) proposed the use .of metal chelators in aque

ous solutions. Bieri (1969) attributed low recoveries in thin-layer ; 
chromatographic procedures to metal ion contamination of the silica 

gel adsorbent. Arrhenius (1965), working with bovine .plasma.,. proposBd-.-. 

the use of metal complexing agents during blood collection. Since 

Arrhenius (1965) claims that tocopherol is protectively bound to 

plasma lipoproteins, these precautions to prevent tocopherol loss
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during collection seem unnecessary» However9 by the same argument9 

once tocopherol is displaced from the plasma proteins during extrac

tion (discussed later) 9 tocopherol would be vulnerable to these 
oxidative catalysts.

Artifacts of Analysis

Artifacts in tocopherol analysis can result from contaminated 

glassware9 impure solvents 9 and naturally occurring lipid soluble 
components of plasma. All glassware should be scrupulously cleaned 
using detergent (Storer 1974)9 distilled water rinse9 nitric acid soak 

(Hansen and Warwick 1966)9 and followed by thorough rinsing with 

deionized9 doubly glass distilled water. Hansen and Warwick (1966) 
used a further rinse with redistilled ethanol just prior to use of 

glassware. Cuvettes used during analysis may be cleaned twice with 

reagent grade acetone9 but not with ether which may contain peroxides 

capable of oxidizing tocopherol (Quaife et al.1949). Contact with 
materials other than glass during analysis must be avoided (Bunnell 

1971). For example5 ethanolic extracts of polyene containers show 

broad fluorescence peaks in the same wavelength as tocopherol (Storer 
1974). The use of pipetters with plastic tips should be avoided9 

expecially during fluorescence assays. A rubber dialysis membrane 

was the source of a tocopherol erroneously attributed to human bone 

marrow (Bunnell 1971). Silicone stopcock grease must be avoided since 

it will cause artifacts in colorimetric and fluorometric procedures.

Solvents must be of purity suitable for spectrophotometry. 

Solvent purity is one of the limiting factors in the sensitivity of



both fluorometric (Bunnell 19679 Duggan 19599 Hansen and Warwick 1966) 
and gas-liquid chromatographic methods (Bieri 1969)» Solvent im
purities may include oxidizing or reducing substances9 the latter 

interfering with colorimetric methods based on tocopherol*s ability 

to reduce iron(III). All procedures call for ethanol redistilled over 

potassium hydroxide and/or potassium permanganate.

Finally9 several naturally occurring lipid soluble components 
of plasma may cause artifacts of analysis. Carotenes and vitamin A 

(Emmerie and Engel 1939a9 Quaife and Harris 19449 Quaife et al,(1949)9 

chromenol and reduced ubiquinones (Harris et al»1961)9 and some sterols 

may reduce iron(III) and thus interfere with colorimetric assays based 

on tocopherol reduction of iron(III). Cholesterol and vitamins and 

D^ have similar retention times for many of the chromatography columns 
used in the gas-liquid chromatography of tocopherols (Bunnell (1971). 
Since cholesterol occurs in far greater amounts than tocopherol in the 

plasma* the cholesterol peak completely obliterates that of tocopherol. 

In fluorescence assays9 vitamin A absorbs maximally within 10 nano

meters of tocopherol’s maximum emission wavelength (Duggan et al.1957). 

Thus large amounts of vitamin A could significantly interfere with 

fluorescence assays. The manner by which these- plasma constituents™ ’ 
are removed or accounted for will be discussed in more detail under 

the‘Specific methods.

Plasma Extraction Methods
The basic approach used in tocopherol analysis in plasma in

volves an initial extraction of tocopherol into a non-polar solvent



followed by further analysis of the lipid extract* Emmerie and Engel 
(1938) found that direct organic solvent extraction of plasma gave 

poor tocopherol yields and attributed this to plasma protein binding
of tocopherol. Thus they instituted alcoholic precipitation of plasma

; ■

proteins before organic solvent extraction. In contrast, Arrhenius
(1965) displaced tocopherol from plasma proteins with the slow addition 
of acetone before extraction with benzene. However, most assays, 

except for some fluorometric methods (Hansen and Warwick- 1966, Meshali 

and Nightingale 1974), precipitate plasma proteins by mixing plasma 
with an equal volume of ethanol. In the fluorometric methods, plasma 
is first diluted with water before ethanolic precipitation. Quaife 

et al (1949) substituted n-propanol for ethanol in their micro assay 
because of the lesser volatility of n-propanol. Some chromatographic 
methods included, a saponification step between alcoholic precipitation 

and organic solvent extraction (Bieri and Prival 1965, Bieri 1969 and 

1965, Dayton et al,1965). The saponification step removed trigly
cerides, but is considered unnecessary in plasma tocopherol analysis 

(Bunnell 1967).
A great variety of organic solvents, generally nonpolar, have . 

...been-used-to extract plasma tocopherol. . Organic solvents .used..include . 

benzene (Arrhenius 1965), xylene (Fabianek et al.1968, Earber, Mihorat, 

and Rosenkrantz 1952, Quaife et al.1949), hexane (Bieri and Prival 

1965, Bieri 1969, Emmerie and Engel 1938,.Hansen and Warwick 1966), 

heptane (Hashim and Schuttringer 1966), petroleum ether (Bieri et al. 
1964), ether (Emmerie and Engel 1939b), cyclohexane (Storer 1974), and



Skellysolve (Quaife and Harris 1944). After deproteinizations one 

to four volumes of solvent are added and the contents mixed by vortex., 

hand, or mechanical shaker for two to twenty minutes. The sample is 

then centrifuged to separate the layers, and the organic layer is used 
for direct colorimetric or fluorometric tocopherol determination or 
further chromatography.

Colorimetric Methods 

Colorimetric determination of plasma tocopherol provides a 

rapid,. simple, and sensitive measure of tocopherol levels. Due to the 
low extinction coefficient of tocopherol, direct spectrophotometric » 
measurement of tocopherol is not practical (Bunnell 1967). Thus an 

indirect method is used based on the reduction by tocopherol of iron 
(111) to iron(II)o The iron (II) is then combined with an iron 
complexing agent forming an intense color readily measured colorimet- 

rically. Iron complexing agents frequently used include 2 ,2 '- 

bipyridine (dipyridyl) (Bieri et al. 1964, Emmerie and Engel 1938, 
1939a, 1939b, Farber et al,1952, Hashim and Schuttringer 1966, Quaife 

et al 1949), tripyridyltriazine (TPTZ) (Martinek 1964, Tsen 1961), 

dipheny1-b e t api cryIhydr azy1 (Boguth and Repges 1969, Glavind and 
Holmer 1967), and 4,7, diphenyl-l,10-phenanthroline (bathophenanthro- 
line or BPA) (Tsen 1961, Hashim and Schuttringer 1966, Fabiariek et al* 

1968, and Bieri 1969). Dipyridyl was the first and most popular 

chromogenic reagent, but now it appears to be displaced by the more 

sensitive reagents TPTZ and BPA.
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Tsen (1961) found BPA and TPTZ to be 2.56 and 2.48 times 9 
respectively9 more sensitive than dipyridy1. Also, with these 

reagents, the reaction time is shortened from three minutes to 15 

seconds. When followed with phosphoric acid, the BPA or TPTZ reactions 

are quite stable. In the dipyridyl reaction, the color continually 
intensifies with time. Thus to insure reproducible optical densities 

(OoD.), the time between initiating the reaction and reading the O.D. 

must be constant. Therefore it seems that due to their increased 
sensitivity, rapidity, and stability, TPTZ and BPA are the reagents of 

choice in the colorimetric determination of tocopherol.

In the use of these reagents for colorimetric determination of 

tocopherol, several limitations and precautions must be considered and 

practiced. In general, the colorimetric reagent is added directly to 

the organic solvent extract discussed above. Therefore, the color can 
arise from any material in the extract, not only tocopherol, that is 
able to reduce iron(III) and iron(II). As mentioned earlier, reducing 

substances may come from glassware, solvents, and naturally occurring 

lipid soluble constituents of plasma such as vitamin A and carotene. 

Glassware cleanliness and solvent purity must be insured as outlined 
in the artifacts of analysis section. Reagent blanks can verify the 

amount of reduction due to glassware and solvents.

The reductive contribution of naturally occurring lipid 

soluble constituents of plasma presents a more difficult problem in 

analysis. Vitamin A, carotenes, reduced ubiquinones, and certain 

sterols may be separated from tocopherol by further, time-consuming



chromatography (discussed later)» Quaife and Harris (1944) employed 
hydrogenation in the presence of a palladium catalyst to destroy 
vitamin A and carotenee Howevers this method requires specialized 
equipment) may form other reducing artifacts from the catalystTs 
action5 and may destroy tocopherol if exposed to the catalyst too 

long (Bunnell 1967)„ Since the rate of the reduction of iron(III) 

by vitamin A is considerably slower than tocopherol (Emmerie and 
Engel 1939a)s an early reading of the color reaction or the use of a 

more rapidly developing reagent (e.g. BPA) followed by phosphoric acid 
complexation of the residual iron (III) can minimize the contribution 
to the color by vitamin A. Carotenes, however s reduce iron (III) as 

rapidly as tocopherol and must be accounted for by other means. Most 

procedures determine carotene levels from the O.D. at 460 nm. Then 

with the use of standardss an estimate of carotenefs contribution may 
be obtainedo Implicit is the assumption that all 0 ,Do at 460 nm is due 

to carotene and that all carotenoids have the same ability to reduce 
iron(III) as the standards usually beta-carotene. Diet can affect the 

composition of plasma carotenoids. In facts in chickens9 the major 
contributing carotenoids are xanthophylls s which reduce less iron than 

beta-carotene (Bunnell 1967), Thus it can be seen that direct colori
metric determination of tocopherol, on plasma organic solvent extracts 

is at best an estimate of actual plasma tocopherol levels,

Fluorometric Methods 

Fluorometric measurement of the organic solvent extract of 

plasma provides a rapids simples and sensitive assay for tocopherol.
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Sensitivities of 5 to 10 ng/ml. and linearity from 10 ng to 10 ug/ml 

have been reported (Duggan 1959). Tocopherol fluorescence, with 
activation at 295 nm and emission at 330 nm (Duggan et al 1957), is 
relatively specific for tocopherol. As mentioned earlier, contact by 

solvents with plastics and absorbance of vitamin A at 340 nm may inter

fere with tocopherol fluorescence. Physiologic levels of vitamin A 

did not demonstrate any effect on tocopherol fluorescence (Duggan 

1959, Hansen and Warwick 1966, 1968, 1969., Storer 1974). However, 

the author found that large concentrations of vitamin A, between 10 to 
2 0  times normal physiological levels, can significantly lower tocoph
erol fluorescence.

Some problems still remain unresolved in the fluorescence 
method. First, since only the free alcohol of tocopherol fluoresces, 
various attempts have been made to use lithium aluminum hydride 

reduction of tocopherol esters in the organic extracts to get an 

estimate of the total tocopherol content in plasma (Duggan 1959, Hansen 

and Warwick 1966, Meshali and Nightingale 1974) . Duggan (1959) and 

Meshali and Nightingale (1974) found that in humans no significant 

amount of tocopherol esters are present in plasma, while Hansen and 

Warwick (1966) reported up to 20% of the total tocopherols as esters. 

Hansen and Warwick (1966) substantially lowered the concentration of 
the reducing agent, about ten-fold, from that originally described by 

Duggan (1959). Duggan (1959) was able to show stoichiometric conver

sion of tocopherol acetate and tocopherol, but Hansen and Warwick
(1966) did not even mention the use of tocopherol acetate standards
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to check the reaction yield* So it is questionable if the twenty 

percent fluorescence they measured is attributable to the conversion 
of tocopherol esters to tocopherol* Interestly, although he did not 
demonstrate the presence of tocopherol esters in plasma9 Arrhenius 
(1965) went to elaborate lengths to prevent plasma arylases from 
converting tocopherol esters to free tocopherol. Therefore, the 

report of tocopherol esters in plasma stands on weak ground and re

quires further investigation.

The second problem of fluorescence methods is the question of 

specificity for tocopherol e Only one attempt was made to check .the . 1 

specificity with more specific chromatographic procedures (Storer 
1974). This failed since the chromatographic recoveries were too 

erratic to make a valid comparison. Duggan (1959) was the only in
vestigator to compare his procedure with a colorimetric method 

(Quaife and Harris 1944). As mentioned earlier, the Quaife and Harris 

(1944) method employed a hydrogenation step that has several limita
tions. Quaife et al„(1949) further modified this procedure and 
Duggan should have used the later method instead. Thus the question 

of .specificity of the fluorometrie - approach remains unresolved.

Chromatographic Methods
The chromatographic separation, identification, and quanti

fication of tocopherols has been the subject of several reviews 

(Bieri 1969, Bunnell 1967, 1971, and Sheppard, Prosser, and Hubbard 
1971, 1972). Although more time consuming, chromatographic methods 
provide greater specificity for alpha-tocopherol and permit
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measurement of other tocopherols as well, A variety of chromato
graphic procedures have been employed including column, paper, 
thin-layer, and gas-liquid chromatographies.

Column Chromatography

Column chromatography, reviewed by Bunnell (1967), is the 

most-time consuming method and does not offer separation of many 
tocopherols. Although considered obsolete as a final separation step, 
column chromatography may serve as a preliminary purification step 

prior to other chromatographic procedures (Bieri 1969), Since the 

silicates, such as Florex and Decalso, and alumina employed may be a 

source of significant tocopherol loss, column chromatography should 

be used only when streaking due to interfering materials, such as 
cholesterol, prevent tocopherol migration on paper or thin-layer 

chromatographs, Column chromatography with Celite 545-Digitonin has 

been useful in removing cholesterol from biological extracts prior to 

gas-liquid chromatographic analysis (Sheppard et aL 1971), Therefore, 
depending on the amount of interfering substances, column chromato

graphy may be a useful preliminary purification step prior to further 

chromatographic analysis.

Paper Chromatography
Paper chromatography, reviewed by Bunnell (1967, 1971), has._ 

been developed by two groups for the analysis of plasma tocopherols 

(Bayfield, Falk and Barrett 1968, Herting and Drury 1965), These 

methods use a two-dimensional system without prior saponification and



differ mainly in the choice of solventso The first dimension employs 
adsorption with zinc carbonate impregnated paper developed with, 

benzene-cyclohexane or light petroleum ether (40-60°)-acetone for 7 5  

to 90 minutes• For the second dimension, the unused section of the 
paper is dipped in parafin and developed for 2 ^ hours with ethanol or 
methanol and water• The papers are also impregnated with fluorescein 

permitting ultraviolet location of tocopherol spots, their subsequent 
elution, and colorimetric determination„ Although paper chromatography 
provides good separation of tocopherols, it is being rapidly replaced 

by faster, simpler thin-layer chromatography -methods (Bieri 1969-,- 
Bunnell 1971).

Thin-layer chromatography

Thin-layer chromatography (TLC) of tocopherols has developed 

rapidly in the last ten years and is "now one of the most important 
analytical tools in this field" (Bunnell 1971, p. 247)♦ Several recent 

reviews have appeared including Bunnell (1971) and Bieri (1969).

Three groups have specifically applied TLC to the analysis of plasma 

tocopherols (Bieri and Frival 1965, Dayton et aL 1965, Horwitt, Harvey, 

and Harmon 1968).
In general, silica gel G, the most commonly used adsorbant, is 

spread 250 microns thick on 20 x 5 or 20 x 20 cm glass plates. Fluo

rescein may be added to the adsorbant for ultraviolet visualization of 

tocopherol spots. Plates must:be activated at 110°C before use and „ 

stores in a tightly sealed container with dessicant. After saponifi

cation, the nonsaponifiable extract of plasma is then applied to the
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plate and developed with a variety of solvents depending on the 
separation desired* Solvents employed include benzene-ethanol 99:1, 

benzene-methanol 98:29 benzene alones cyclohexane-die thy1  ether 4 :1 , 
and chloroform. Two dimension chromatography appears unnecessary for 
plasma analysis and is used primarily for tissue and feed analysis. 

Tocopherol spots are visualized by ultraviolet light on fluorescein 

plates or by spraying chromatographed standards with ferrie chloride 
and dipyridyl or BPA solutions. The identified spots are then scrapped 
off the plate into a centrifuge tube and eluted quantitatively with 

ethanol by mixing with a.vortex. , After centrifugation, an aliquot of 
the clear ethanol layer is analyzed colorimetrically or analyzed by 

gas-liquid chromatography.

Gas-liquid Chromatography

Gas-liquid chromatography (GLC) offers the advantage of separa

tion and quantification in one step. However, plasma contains both 

cholesterol, in amounts capable of obliterating the tocopherol peak, 
and vitamins and of similar retention times. Therefore pre
liminary purification is required. Cholesterol may be removed by 

Celite 545-Digitonin columns (Sheppard et al,1971), direct digitonin 

precipitation of cholesterol (Nair and Luna 1968), or TLC (Bieri and 
Prival 1965, Bieri 1969, Lovelady 1973, Lehman and Slover 1971). 

Vitamins $ 2  and are satisfactorily removed by TLC.
Although several liquid phases have been used in tocopherol 

analysis, 1% SE-30 on 80-100 mesh Chromosorb W is the most satisfactory 

(Sheppard et al,1972). SE-30 will not separate beta and gamma
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tocopherols but a binary mixture of SE-52 and XE-60 has separated these 
two tocopherols (Nair and Luna 1968). Hydrogen flame ionization dr 

beta-argon ionization detectors are sufficiently sensitive for plasma 
tocopherol analysis. Tocopherol retention times will vary according 
to carrier gas flow rates3 percent liquid phase on the solid support, 

column temperature, and column dimensions. Although derivatization ' 

of tocopherols has been used by most investigators, Sheppard et al. 

(1971) concluded that the advantages of derivatization are far out
weighed by the extra time involved and the errors due to incomplete 

derivatizationo
Before choosing GLC for analysis of tocopherol, the additional 

benefits must be weighed against the extra time involved» With the 

advent of sensitive color reagents such as BPA, colorimetric deter

mination of the preliminary TLC spot is as sensitive as GLC and can 
be performed more quickly than GLC. Lehman and Slover (1971) found 

the GLC step limited their analysis to eight samples a day. Thus 

Bieri (1969, p. 475) concluded "there would appear to be little 

advantage in resorting to the extra work of GC. On the other hand,
GC can be a definitive tool to verify the tocopherols from TLC plates 

whenever uncertainty exist."



MATERIALS

Reagents used include analytical reagent grade n-heptane and 
potassium hydroxide and spectrophotometric grade hexanes from 
Mallinckrodt Chemical Company; reagent grade ferric chloride hexa- 

hydrate, disodium ethylene diamine tetraacetate (EDTA) 9 and aylene 

from Allied Chemical Company; 85% reagent grade phosphoric acid and 

n-propanol from J. T« Baker Chemical Company; 4,7,-diphenyl-1,10- 
phenanthro1ine (BPA) and 2,2?-bipyridine (dipyridly) from G, Frederick 

Smith Chemical Company; spectroquality benzene from Matheson, Coleman 

and Bell; Silical Gel-GF-254 from E« Merck; SE-30 and Chrom W, 80-100 
mesh from Applied Science Laboratories; 100% ethanol from U« S. 

Industrial Chemicals; alpha-D,L-tocopherol and beta-carotene from 
Sigma Chemical Company.

Samples mixed by vortex were mixed with a Scientific Products 

Deluxe model mixer. A Thelco Model 83 water bath from Precision 

Scientific Company was used to heat samples during saponification 

procedures. All samples were centrifuged on an International Equip

ment Company Model K centrifuge. Colorimetric measurements'were made r' 

on a Beckman Model 24 spectrophotometer. Fluorometric readings were 

taken on an Aminco-Bowman spectrophotofluorometer from American 
Instrument Company. GLC was performed on a Hewlett Packard 5700A

18



19

gas chromatograph equipped with dual flame ionization detectors and 
automatic sampler.



EXPERIMENTAL METHODS

In comparing the methods outlined below9 several points were 
considerede For each method9 linearity9 variability9 reproducibility9 

recovery9 specificity9 '^sensitivity9 ease of execution? required 

apparatus 9 and analysis time were determined experimentally and com

pared statistically and by a rating schema with the other methods *
In order to ascertain the effect plasma has on a method’s performance9 

each method was performed on two sample groups: one containing water 

and ethanolic tocopherol standards and the other containing pooled 

human plasma with ethanolic standards added. Tocopherol standard 
concentrations spanned reported values of Harris et al, (1961)9 i.e. 

0o59 1.09 1.59 and 2.0 mg%. Except for chromatographic procedures9 

each method was performed on each sample group on two different 

occasions and in triplicate on both occasions. For chromatographic 
procedures9 a single analysis on each sample group was performed on 

three different occasions. The experimentally observed values were 

compared with expected values (determined directly on pure external 
standards) generating a series of curves from which linearity9 vari

ation) and recovery could be determined by linear regression analysis 

and compared by analysis of variance. Reproducibility was determined 
by comparing observed values for a given method from one day to those 

obtained on a succeeding day. A paired T test was used for this

20:
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comparisono The differences in the magnitude of tocopherol concen
tration for plasma samples without standard added was used to compare 

methods of inherently different specificity. The more specific method 

would be expected to give a smaller plasma tocopherol concentration«
Finally9 the methods were compared by a rating scheme which should be 
useful in helping the investigator or clinical laboratory director 
to decide which method suits their needs.

For each method, the precautions mentioned above for solvents 
and reagents were followed. All glassware was cleaned accordingly.

-Only-..glass stoppered centrifuge tubes (15 ml) covered with. aluminum .  ... . ..

foil were used. For ease of handling, some volumes were changed and 

noted below, but solvent proportions and reagent concentrations were 
strictly observed as published.

Quaife Method

The method of Quaife et al. (1949) involves xylene extraction 

of an ethanolic percipitate of plasma followed by colorimetric deter

mination with ferric chloride and dipyridyl. One ml of plasma was 
placed with an equal volume of absolute ethanol into a glass stoppered 

centrifuge tube and mixed immediately by vortex for five seconds.

Then 1.0 ml of xylene was added, tube stoppered, and the solution 
mixed by vortex for 30 seconds. After centrifugation at 3,000 KPM 

for 1 0  minutes, 0 . 5  ml of the xylene layer was transferred to a 

cuvette and 0 . 5  ml 0 .1 2 % dipyridyl in n-propanol was added and mixed.
The 0.D. at 460 nm was read for carotene. Then 0.2 ml 0.12% ferric 

chloride was added, mixed thoroughly, and the O.D.at 520 nm read Ih
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minutes after the addition of the ironc From beta-carotene standards, 
a correction factor for the plasma carotenoids was determined»

Hashim Method

The method of Hashim and Schuttringer (1966) involves the 
n-heptane extraction of an ethanolic precipitate of plasma followed 
by colorimetric determination with ferric chloride and BPA. First,
0o5 ml of plasma was pipetted into a glass stoppered centrifuge tube, 
an equal volume of absolute ethanol added, and the contents mixed by 
vortex for 10 seconds» Then 1*0 ml of n-heptane was added, the tube 

stoppered tightly, and the contents mixed by vortex for 1  minute. 

Following centrifugation at 1,000 RPM for 5 minutes, a 0.5 ml portion 

of the upper heptane layer was transfered to a cuvette and 0 . 1  ml 

0.147% ethanolic BPA was added and mixed. The O.B. at 452 nm was read 

for carotene. Then 0.05 ml 0.04% ethanolic ferric chloride was added 

and mixed. After exactly 30 seconds, 0.05 ml 6.23% v/v ethanolic 
phosphoric acid was added and mixed. After 30 seconds, the O.D. at 

532 nm was read. Again, as in the Quaife method, beta-carotene stan

dards were run to determine a correction factor for carotene's con

tribution to the absorbance.

Lapin Method
In order to ascertain the role molecular oxygen plays on 

recovery in the Hashim method, the author made modifications to exclude 

oxygen from the assay. The centrifuge tubes used in the extraction 
were flushed nitrogen before the assay and stoppered tightly. Ethanol
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used in plasma protein precipitation was bubbled with nitrogen to 

remove oxygen» Otherwise s this method was performed exactly as the 
Hashim method«

Hansen Method
The method of Hansen and Warwick (1966) is similar to the 

Hashim method except that the tocopherol content of the organic sol

vent extract is determined by fluorescence. First9 0.1 ml of plasma 
was placed into a glass stoppered centrifuge tube and 1 . 0  ml of water 
added. The tube was stoppered and mixed by shaking for 1 minute.
Then? 1.0 ml ethanol was added and the tube shaken for 3 minutes. 

Finally5 2.0 ml hexane was added and the tube shaken for 5 minutes 

(originally 20 minutes). After centrifugation at 900xg for 5 minutes, 

a portion of the hexane layer was transfered to a cuvette and the 
fluorescence read with activation at 295 nm and emmission at 330 nm.

Bieri-1 Method

The TLC method of Bieri and Prival (1965), with some modifica

tions, involves a TLC purification of an organic solvent extract of 

a saponified plasma sample followed by elution and colorimetric;deter

mination of the alpha-tocopherol spot. First, 2 mis of plasma were 

added to 4 mis of freshly prepared 0.5% ethanolic pyrogallol in a glass 

stoppered centrifuge tube. The contents were mixed and place unstop

pered into a 65-70*0 water bath for 5 minutes. Then 0.5 ml U N  

potassium hydroxide in 0u2% EDTA. (Uiitereker et al, 1970 modification) 

was added, the tubes tightly stoppered, and inverted 4 to 5 times



to dissolve protein. The tube was further heated for 25 min
utes o

After cooling in ice water, 4 mis of hexane and 1  ml 0 .2 %

EDTA (Untereker et al. 1970 modification) were added, and the tube 
shaken vigorously for 2 minutes. After centrifugation, 3 . 5  ml 
(originally 2 . 0  ml) of the hexane layer was transfered to another 

tube and evaporated under nitrogen in a warm water bath. The residue 

was concentrated in the bottom of the tube by washing the walls down 

with hexane and evaporating. The residue was dissolved with 25 ul of
benzene and applied in a 2  cm streak on a silical gel G plate prepared

as mentioned above. Two 10 ul benzene washings were applied to the 
plate. The plate was then placed in a chromatography jar previously .. . 
purged with nitrogen, kept in the dark, and developed with benzene.
After 35 minutes, the plate was removed from the tank, and the chroma

tographed reference alpha-tocopherol standard visualized by spraying 
with 0.04% ferric chloride and 0.2% BPA 1:1 in ethanol (Bieri 1969 

modification). Spots were than scrapped off into a tube containing 

3 ml ethanol, mixed by vortex for 15 seconds, and centrifuged at 3,500
KPM for 10 minutes. Finally, 0.5 ml of the clear ethanol layer was

"~tirans~fered to a cuvette and' tocopherol determined colorimetrically by 

the Hashim method (originally the Quaife method was used) . The 

remainder of the extract can be further analyzed by GLC.'

Bieri—2 Method .

In this modification of the Bieri and Prival (1965) method, 

the ethanol extract of TLC purified tocopherol spot from the Bieri-1
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method is evaporated to dryness under nitrogen and redissolved into 
a smaller Volume (0.1 ml) of ethanol. This solution is injected 
directly into the gas-liquid chromatographed. GLC operating condi

tions were 1% SE-30 on chromosorb W 80/100 mesh in a 6  foot glass 
column run with oven at 250°C iso thermal s injector at 250°CJ> and 

detector at 300°Ci Carrier gas was nitrogen with a flow rate of 

60 ml/minute. A hydrogen flame ionization detector was used.



RESULTS

  Reproducibility
For the purposes of this study9 a method will be considered 

reproducible if the standard curve determined on the first day (I) 

does not significantly differ from that determined on a succeeding 
day (II)o Since a standard curve represents 4 concentration levels 
with 3 determinations each,, there are 12 values for each day to be 

compared» (In chromatographic methods of Bieri-1 and Bieri-2 9 one 

determination was made at each concentration level for three sue—  

ceeding days. Thus, days I and II data were both compared with day 

III data to ascertain reproducibility). One.convenient means of 

comparing days. I and II values involves the paired-T test. The 

paired-T test calculates a test statistic, t, which is then compared 
in magnitude with a tabulated t value for a given confidence level 

(P) and sample size. In this study, a P level of less than 0.05 was 

chosen for significant difference. Thus if the calculated t is less 

than the tabulated t, days I and II would be considered not signifi

cantly different with a 1  in 2 0  chance that" the may be different.

To calculate the t statistic, days? I and II values at each 

concentration level are paired and absolute differences.between pairs 
are determined. Then the sum of the absolute differences is compared 

by ratio with the sample variation. (The number of pairs is also 
taken into account). Thus if days I and II differences are

26.
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sufficiently greater than their variation, the calculated t value will 

exceed the tabulated t value indicating significant differences at the 
given E level. Therefore, for every method, the hypothesis of repro
ducibility, i,e» day I not significantly different from day II, was 
tested by the paired-T test.

In general, for most methods, days I and II were not signifi

cantly different by the paired-T test and are therefore considered 
reproducible (see Table 1)» Methods found not reproducible included 

Hansen and Lapin methods' in plasma alone (i,e. plasma without

  tocopherol standard added and corrected for bias) and Hashim method
in ethanol standards, The non-reproducibility of the Hansen method 

in plasma alone may be considered acceptable since the values of 

day I (95, 9.6, 96 mg% x 100) and day II (98, 100, 102X^differed on 
the average by only 4%. The small variation probably accounts for 

the significant difference found by the paired-T test. For the 

Hashim method in ethanol standards, further examination of the data 

found that the average differences between days I and II, i.e. (day 

I - day II)/3, (0.04 mg% at 0.50 mg%, 0.01 at 1.00, -0.01 at 1.50,

0.08 at 2.00), were greatest at the 2.00 mg% level. If the 2.00 mg%

" level values are left out in the paired-T test, days I and II are not " 

significantly different. This illustrates a weakness in the paired-T 

- test where a small difference between numbers of large magnitude can 

unduly influence the magnitude of the calculated t statistic resulting 

in a significance when in reality days I and II data are nearly the 

same.



Table 1. Reproducibility

Methods
Stan

Ethanol
dards
Plasma

Plasma
Alone*

Quaife Yes Yes Yes

Hashim NO Yes Yes

Lapin Yes Yes NO

Hansen Yes Yes NO

Bieri-1 Yes Yes Yes

Bieri-2 Yes Yes Yes

Yes - reproducible, i.e. day I and II not signifi
cantly different at confidence level (P) less 
than 0.05 by paired-T test.

NO - not reproducible, i.e. days I and II signifi
cantly different at P less than 0.05.

* - plasma without tocopherol standard added and 
corrected for bias.



29

Recovery and Bias

In determining recovery and bias, the linear regression line 
formula, 0 = a + bE (0 = observed values, a = 0-intercept, b = slope, 

and E = expected value), provides useful information. This may be 
seen best by examining the four possible cases or outcomes of the 
regression line. In case I, 0 equal E (a = 0, b = 1). For case II, 

a proportional bias may exist where 0 is proportional to E (a = 0, 

b f 1) and passes through the origin. In case III, a constant bias 

may exist where 0 equals E plus some constant (a ^ 0, b = 1). Finally, 
in case IV both proportional and constant biases exist (a ^ 0, b ^ 1). 
The convention of defining recovery by the ratio 0/E applies only to 

cases I and II and ignores the effect constant bias will have on the 

relationship between 0 and E. The contribution of constant bias is 
most pronounced at low E values, while that of proportional bias is 

felt at high E values. Consequently, a more comprehensive definition 

of recovery must include both proportional and constant biases, and in 

linear relationships, this is achieved by the regression line, 0  = 
a + bE.

For regression lines of each method, the distributions of 

constants a and b were compared for statistical differences with 0  

and 1 respectivity. The test statistic t was calculated from the 
formulas t = (a - 0 )/(standard error of a) for constant a and t =

(1 - b)/(standard error of b) for constant b. Those statistically 

different a's and b ’s are included in Table 2. Only Quaife’s method 

on ethanol standards showed no bias, i.e. 0 = E. The rest of the



Table 2. Linear Regression Analysis
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Methods

Linear Equations, 0 = bE 
b included*. Coefficien
Ethanolic Standards

+ a with significant a and 
ts of determination, r^.

Plasma Standards

Quaife
0 = E 

r2 = 0.988
0 = 0.942E - 7.18 

r2  = 0.982

Hashim
0 = 0.933E 
r2  = 0.994

0 = 0.542E + 14.58 
r2  = 0.913

Lapin
0 = 0.931E + 6.67 
r2  = 0.995

0 = 0.530E + 19.91 
r2  = 0.956

Hansen
0 = 0.689E 

r2  = 0.997

0 = 0.670E 

r2  = 0.994

Bieri-1
0 = 0.879**E - 16.20** 

r2  = 0.879

0 = 0.710E + 5.83** 

r2  = 0.970

Bieri-2
0 = 0.871**E - 33.83** 

r2  = 0.771
0 = 0.935**E - 23.87 
r2  = 0.977

* 0 = observed values, E = expected values, b = slope, a = 0-
intercept (mg% x 100). Constants b and a included when signifi
cantly different, at P less than 0.05, from 1 and 0 respectively.

** Constants a or b are not significantly different, at P less than 
0.05, from 0 and 1 respectively.

—  Underlined constants have distributions significantly different 
from the constants of Quaife in ethanol, at P less than 0.05.
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methods exhibited some significant bias. . Hansen's method, although 

having a marked proportional bias (0.689 ethanol and 0.670 plasma 
standards), exhibited little change in bias between standard groups. 
For the remaining methods, plasma and ethanol standards seem to have
strikingly different biases.

/

- xn ethanol standards 3"'Hashiin and Lapin methods had "nearly the 
same proportional biases, 0*933 and 0.931 respectively, but Lapin’s 

method had an added constant bias of 0.067 mg%. However, in plasma, 

the proportional biases dropped dramatically to 0.542 for Hashim’s 
method..and to 0.530 for Lapin1 s. method. Both methods also developed- 

a constant bias, 0.1458 and 0.1991 mg% respectively. Interestingly, 

the Lapin method, a modified form of Hashim’s method, seems to differ 

from Hashim only by the magnitude of constant bias. Thus the modifi
cation was somehow the source of a constant bias. For the other 
colorimetric method of Quaife, plasma proved to be a source of pro

portional bias (0.942) and constant bias (-0.072).

For chromatographic methods in ethanol standards, the stan

dard errors of constants a and b were too large to give statistically 

significant differences. None the less, their biases are worth dis
cussing. In ethanol, the proportional bias of Bieri-1 (0*879) and 
Bieri-2 (0.871) are nearly the same with Bieri-1 differing from 

Bieri-2 by a smaller constant bias, -0.1620 mg% versus -0.3383 mg%.

In plasma, a remarkable change in biases occurs. Bieri-1 displayed 

a strictly proportional bias of D.710 and Bieri-2 a constant bias 

of -0.2387 mg%.
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To compare methods9 statistical differences between biases 

may provide useful information. One statistical method for comparing 

biases involves the analysis of covariance. Analysis of covariance 
compares all of the regression lines of the methods in terms of the 

distributions, of the regression line constants a and b . In this studys 

the distributions of constants a and b of Quaife?s method in ethanol 
were used as a basis of comparison because they did not significantly 

differ from the no bias situation (case 1). For the analysis of 

covariance9 significant difference was taken at P less than 0.05 and
was indicated in Table 2 by underlining .the -constants. ..  ___

The distributions of constants a and b did not significantly 

differ among Quaife«, Hashing and Lapin in ethanol standards. Thus9 

while Hashim and Lapin exhibited more bias than Quaife9 there was no 
significant difference in their bias. For Hansen in ethanol, only the 

proportional bias differed significantly from Quaife. The large 

variances of Bieri-1 and Bieri-2T s constants made them not significantly 

different from the no biases situation (case 1 ), but when compared to 

Quaife9 the significance of their biases is evident. Thus by comparing 

the distributions of regression constants: a and b to the no bias case 

(a = 'O’, b = 1) and to the method of least bias '(Quaife in ethanol) 
two different aspects of a method*s bias are emphasized. The compari

son of a and b to the no bias case indicates the amount bias a method 

has, and the comparison of a and b to the method of least bias reveals 

a method*s performance relative vto the lease amount of bias
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experimentally possible. When the comparisons are taken together, a 
more comprehensive picture of each method’s performance is obtained.

In plasma, the use of both statistical comparisons confirms 

the marked effect plasma has on most method’s bias. For Quaife in 
plasma, only the constant bias is significant by both comparisons. In 

Lapin and Hashim methods, constant and proportional biases are signif

icant by both comparisons. In Hansen and Bieri-1, the marked pro
portional biases are not significantly different from Quaife’s bias 
in ethanol, probably as the result of their increased variances in 

plasma. The effect of large variances may also explain the fact that 

the constant bias of Bieri-1 and proportional bias of Bieri-2 are only 
significantly different from Quaife in ethanol and not to the no bias 
case. Therefore, the use of both statistical comparisons substantiates 

plasma's marked effect on most method’s performances, i.e. increasing 
bias for colorimetric methods, decreasing bias for chromatographic 

methods, and leaving unaltered bias in fluorometric methods.

Linearity and Variation 

In evaluating a given method’s performance over a range of 

standards, the degree of linearity and amount of variation for ob
served values (0) with respect to expected values (E) must be con

sidered. For this purpose, regression analysis provides a useful and
2 2powerful statistic, the coefficient of determination (r ). r

explains the strength of association between 0 and E and to a certain
extent, indicates the degree of linearity and amount of variation

2within this association. By its derivation, r is the proportion of
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total variation in 0 explained by the regression line 0 = a + bE.

The remaining proportion of total variation not explained by the

regression line is called unexplained variation. This unexplained
variation may be due to scatter about the regression line and/or to
nonlinearity between 0 and E. Therefore to assess the relationship

2between 0 and E, r from regression analysis provides considerable 

information on the strength of association including the degree of 
linearity or nonlinearity and the amount of variation due to linearity 
and scatter.

2In Table 2, r values have been calculated for all methods
2performed on both standard groups. For ethanol standards, r values

were greater than 0.988 for the methods of Quaife (0.988), Hashim

(0.994), Lapin (0.995), and Hansen (0.997). Therefore for these
methods in ethanol, there is an extremely strong relationship between
0 and E with almost perfect linearity and no scatter. However, the

2chromatographic methods performed in ethanol had lower r values with

Bieri-1 (0.879) and Bieri-2 (0.771). From the experimental data of
Table 3, Bieri-1 data exhibited wide wanges of values at each expected
concentration level (at E = 50, 22-40; E = 100, 50-75; E = 150,

276-144; E = 200, 152-161). Thus the low r value for Bieri-1 seems
to be due to scatter. However, Bieri-2 ranges are quite narrow, while
the 0 average at E = 200 is 178 which is nearly double that predicted

by a line passing through the other three concentration levels’ 0

2values. Thus Bieri-2’s low r value may be attributed to the marked 

nonlinearity caused by the excessively high 0 values at E = 200. This
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Table 3. Experimental Data and Averages

Expected
(mg%xl0 0 ) Quaife 

et* pi

Es
Hashim 
et pi

:perimental
Lapin 
et pi

(mg% x 1 0

Hansen 
et pi

0 )
Bieri-1 
et pi

Bieri-2 
et pi

50 41 25 44 34 50 38 30 29
43 33 44 35 51 39 30 32
49 37 46 35 52 40 32 32
49 38 47 35 52 42 35 33 2 2 33 25 2 1

53 43 48 35 53 45 36 35 30 46 27 31
63 52 50 37 55 51 37 36 40 47 28 32

average 50 38 47 35 52 43 33 33 31 42 27 28
1 0 0 94 8 6 92 6 8 98 70 69 62

96 8 8 92 75 99 74 69 62
96 89 92 76 1 0 0 76 70 6 6

96 90 93 79 1 0 0 79 70 6 6 50 69 40 59
97 90 94 80 1 0 1 80 73 6 6 59 73 42 60

1 0 1 92 95 80 1 0 2 85 73 71 75 82 52 61
average 97 89 93 77 1 0 0 77 71 6 6 61 75 45 60

150 146 125 135 85 144 90 1 0 2 1 0 0

146 131 138 93 146 1 0 0 1 0 2 1 0 0

146 136 140 1 0 0 146 105 103 1 0 0

149 137 143 103 148 106 105 1 0 1 76 106 63
152 140 145 107 154 107 105 1 0 1 109 1 1 2 64 116
162 144 148 115 155 107 105 104 144 126 67 129

average 150 136 142 1 0 1 149 103 104 1 0 1 1 1 0 115 65 123
2 0 0 184 177 104 186 133

197 165 180 113 188 117 136 126
197 173 186 114 188 118 138 131
199 186 186 114 189 1 2 2 138 132 139
2 0 1 186 192 130 195 125 140 134 152 147 178 161
2 0 1 186 194 130 2 0 0 127 140 137 161 155 178 167

average 197 179 186 118 191 1 2 2 138 132 157 147 178 164
plasma
alone** 6 8 95

87 81 71 96
97 83 75 96
104 84 81 98 6 8

107 8 8 8 6 1 0 0 71 57
1 2 2 96 91 1 0 2 78 65

average 103 83 81 98 72 62
* et = ethanol, pi = plasma. ** plasma without tocopherol standard 
added and corrected for bias.
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demonstrates the importance of viewing statistics in terms of the
data from which they have been calculated.

When methods were performed on plasma standards, some inter- 
2esting changes in r occurred. Only Quaife and Hansen methods showed

2no appreciable differences in r between ethanol and plasma standards
with 0.988 versus 0.982 for Quaife and 0.997 versus 0.994 for Hansen

respectively. Therefore plasma did not weaken the strong association
seen in ethanol for these methods. The Lapin and Hashim methods had 

2a drop in r going from ethanol to plasma standards, i.e. 0 . 9 9 5  to 

0.956 and 0.994 to 0.913 respectively. From Table 4, the standard 

errors for these methods at each E level were quite small, but ob
served values at E = 150 and 200 were considerably lower than would be

predicted from 0 values at E = 50 and 100. Therefore it appears that 
2the low r values for these methods in plasma is due to the nonlinear

ity between 0 and E at higher E values. The most remarkable changes 
2in r occurred in the chromatographic methods where both Bieri-1 (0.879 

to 0.970) and Bieri-2 (0.771 to 0.977) increased when going from 

ethanol to plasma standards. Thus plasma seems to have corrected the 

scatter in Bieri-1 and the nonlinearity of Bieri-2.

Specificity

In this study specificity of a method is defined as the degree 

to which the experimental plasma tocopherol values coincide with actual 

plasma alpha-tocopherol concentration. As mentioned in the introduc

tion, the colorimetric methods (Quaife, Hashim, and Lapin) and 
fluorometric methods (Hansen) can not distinguish alpha-tocopherol



Table 4. Experimental Values

Expected 
(mg% x 1 0 0 )

Quaife
(n=6 )

Hashim
(n=6 )

Obse 
(mg% x 1 0 0 ) +

Lapin
(n=6 )

rved
Standard Error

Hansen
(n=6 )

Bieri-1
(n=3)

Bieri-2
(n=3)

Ethanol
50 49.7 + 3.2 46.5 + 1.0 52.2 + 0.7 33.3 + 1.3 30.7 + 5.2 26.7 + 0.9

1 0 0 96.7 + 1.0 93.0 + 0.5 1 0 0 . 0  + 0 . 6 70.7 + 0.8 61.3 + 7.3 44.7 + 3.7
150 150.2 + 2.6 141.5 + 1.9 148.8 + 1.9 103.7 + 0.6 109.7 + 19.6 64.7 + 1.2
2 0 0 196.5 + 2.6 185.8 + 2.7 191.0 + 2.2 132.5 + 1.1 156.5 + 3.7** 178.0 + 0.0**

Plasma
50 38.0 + 3.7 35.2 + 0.4 42.5 + 2.0 32.8 + 1.0 42.0 + 4.5 28.0 + 3.5

1 0 0 89.2 + 0.8 76.8 + 2.1 77.3 + 2.1 66.5 + 1.4 74.7 + 3.8 60.0 + 0 . 6

150 135.5 + 2.7 100.5 + 4.3 102.5 + 2.7 1 0 1 . 0  + 0 . 6 114.7 + 5.9 122.5 + 7.1**
2 0 0 179.2 + 4.3* 117.5 + 4.2 1 2 1 . 8  + 1 . 8 132.0 + 1.8* 147.0 + 4.6 164.0 + 3.0**

Plasma I
alone*** 103.4 + 5.8* 83.3 + 4.5 80.8 + 3.6* 97.8 + 1 . 1 72.3 + 3.0 62.3 + 2.7-

*n = 5, **n = 2, ***plasma without tocopherol standard added and corrected for bias.
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from other tocopherolso The colorimetric methods are the least- 
specific since they measure anything capable of reducing iron (III) 
in a nonpolar plasma extract» Although this extract is also analyzed 

by fluorometric methods 9 fluorescence is more specific since few com
pounds share tocopherolfs excitation and emission wavelengths• Since 
chromatographic methods further purify the plasma extract, they are 

more specific than colorimetric or fluorometric methods. Bieri- 2  is 

the most specific method due to the use of two chromatographic methods 

in series» Therefore, the specificities are, in increasing order,
Quaife = Hashim = Lapin, Hansen, Bieri-l, and Bieri-2. ........ .

Since most artifacts of these methods tendr to give higher 

values, the more specific methods would be expected to give lower 
tocopherol concentrations for the same plasma sample. This however 

was not the case in this study. As shown in Table 4, under plasma 

alone (plasma without tocopherol standard added and corrected for 

bias), the methods in decreasing magnitude were Quaife. (103.4 + 5.8) 
(mean + standard error mg% x 100), Hansen (97.8 + 1.1), Hashim (83.3 + 

4.5), Lapin (80.8 + 3.6), Bieri-l (72.3 + 3.0), and Bieri-2 (62.3 +
2̂  7X*. Thus..Hashim and. Lapin gave lower values than expected relative- - 

to the values given by Quaife and Hansen. Otherwise, the expected 
order of decreasing magnitude of experimental plasma tocopherol with 

increasing specificity for alpha-tocopherol was fulfilled.



DISCUSSION

This study demonstrated the reproducibility of the methods 
under examination« These findings agreed with earlier reports for 

the methods of Hashim (Hashim and Schuttringer 1966)9 Hansen (Hansen 

and Warwick 1966), and Quaife (Quaife et al,1949). The reproduci

bility of Bieri-1 and Bieri-2 methods had not been previously reported. 
More important^ regression analysis clearly indicated the marked 

differences in most methodTs performance between ethanol and plasma 

standards and demonstrated the desirability of a more comprehensive 
definition of recovery. There appears to be little recognition of 

these findings in the literature. Most reports employed ethanol 

standard curves, for determining plasma tocopherol concentrations. If 

plasma standards were used, they were performed at only 1  or 2  con
centrations providing a ratio of observed to expected values. This 
ratio was then used to determine the actual plasma tocopherol con

centration from experimental values. However, this study found that 

for linear systems, a regression curve gave a more complete descrip

tion of the relationship between observed and expected concentrations 

because it includes the contribution of a constant bias. While 

significant constant bias was found in 5 out of 6  methods studied, 
no mention of constant bias was made in the literature. Since most 

clinical interests are focused on tocopherol deficient states and
39
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constant bias would be most influential at low tocopherol levels9 

the importance of a method^s constant, bias.,cannot be .discountedo.
For the methods studied, regression analysis brought to

light some important points* Hansen and Quaife methods/ linearity 
2and variation (r ) and biases changed the least when going from 

ethanol to plasma standards. While Quaife method in plasma agreed 

with reported proportional bias values (Quaife et al,1949)9 Hansen 
method*s proportional bias in plasma was more marked, 0.670, than the 
0.95 and 1.02 found by Hansen and Warwick (1966) and the 0.93 to 1.00 

of Storer (1974). The only apparent difference between the original 

work and this study is the size of the glass stoppered centrifuge 
tubes used during extraction, 15 ml for this study versus 5 ml for 
Hansen and Warwick (1966). Perhaps the larger tube exposed the ex

traction solution to a larger surface area which would promote tocoph

erol oxidation. In support of this idea, Storer (1974) purged a 
15 ml tube with nitrogen prior to extraction. However, when nitrogen 
purging was employed by the author no improvement in proportional bias 

was observed.

In chromatographic methods of Bieri-1 and Bieri-2, the improve
ment. in linearity, variation, and recovery (bias) when going from 

ethanol to plasma standards agrees with the observations of Lehman 

and Slover (1971) and Horwitt et aL (1968). Lehman and Slover (1971) 

attributed the improvement in method performance to the protective 

action of extracted lipids exerted during.the TLC process. In addi

tion, Horwitt et al, (1968) found that the ratio of lipids to



tocopherol was important in this protective action. Since ethanol 

standards had lower recovery (more bias) than plasma standards, the 

use of ethanol standards, would tent to overestimate plasma tocopherol 

concentrations. This may explain the discrepancy found between plasma 

values reported by Bieri and Prival (1965) and Herting and Drury 
(1965).

Perhaps the most interesting changes in linearity, variation, 

and recovery (bias) when going from ethanol to plasma standards occurred 

in the Hashim and Lapin methods. In these methods, the linear re

sponse was lost at higher tocopherol .concentrations-.- This deviation- - 
from linearity may be indicative of incomplete extraction or incomplete 
color reaction. In complete extraction seems unlikely since Quaife 

used half as much organic solvent to plasma as Hashim without getting 

a great change in proportional bias. Quaife did use xylene which may 

be a better extraction solvent than heptane or hexane. It is more 

likely that the difference lies in the color reaction conditions.

Plasma iron(II) may saturate the chromogenic reagent, but this seems 

unlikely since later studies by the author found the color reaction 
linear up to twice the optical density observed for the highest plasma.; 

standard’s concentration. Plasma lipid soluble constituents may' inter

fere with tocopherol reduction of iron (1 1 1 ) or the formation of the 
iron(III)-BPA complex. However, a further examination of the dif

ferences between Quaife and Hashim methods yields a more, plausible
>

explanation. Quaife employed a._final xylene to alcohol ratio of 

1:1.4 while Hashim had a 1:0.3 ratio. Indeed, the author found by
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further experiments that if a 1:1^25 ratio was used in the Hashim meth
od, a plasma proportional bias of 0*94, similar to Quaife*s 0.942, was 

obtained. Therefore, it seems likely that an optimal amount of 

ethanol is necessary to permit the color reaction to proceed unin
hibited by plasma elements.

In order to assess the effect that molecular oxygen has on 

recovery, the author modified Hashim1s method (Lapin method). The 

modification involved bubbling nitrogen through the ethanol used in 
extraction and purging the test tubes prior to extraction to remove 

o x y g e n I n  both ethanol and plasma standards, the Lapin modification 

did not significantly change the proportional bias but did increase 
the constant bias, 0.067 mg% (ethanol) and 0.053 mg% (plasma). The 

increase in constant bias after oxygen removal was the exact opposite 

of what would be expected. That is, oxygen removal* should decrease 

tocopherol oxidation leading to a decrease in constant bias. Perhaps 

the nitrogen used for purging was a source of an iron reducing 
contaminant. However, reagent blanks and filtering the nitrogen 

through drying material should minimize this possibility. Aside 
from the unexpected increase in constant bias, this experiment 

demonstrated that if oxygen removal was complete, the oxygen contri

bution to tocopherol loss is relatively small compared to the amount 

of tocopherol found in plasma.
In this study, the definition of increasing method specificity 

with a relative decrease in the tocopherol concentration for a given 

plasma sample is supported by other findings. When several human
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samples were compared between colorimetric and chromatographic methods, 
the colorimetric method gave higher plasma tocopherol concentrations 

(Bieri and Prival 1964, 1965, Lehman and Slover 1971). Duggan (1959) 

found that in 1 2  different human plasmas the colorimetric method of 
Quaife and Harris (1944) gave consistently 5% higher tocopherol 
concentration than his fluorometric method, which agrees with this 

reportfs findings. Ho comparative study has been reported for the 
Hashim method, but Hashim and Schuttringer (1966) did compare it to 

a modified version of the Quaife method using several different human 

plasma samples and finding both methods very similar. In general 

the results agreed with the expected order of specificity. The lower 
observed tocopherol concentrations with respect to specificity found 
for the Hashim and Lapin methods may be due to the incompleteness of 

the color reaction, discussed earlier, and/or an overcorrection for 

plasma carotene.

Finally, the overriding purpose of this study was to provide

a guide for choosing a plasma tocopherol method. One way of aiding

the decision would be to rate all of the methods as superior, average,
or inferior for several criteria including reproducibility, recovery

2(bias), linearity and variation (r ), specificity, and yet to be men

tioned analysis time, sensitivity, ease of execution, and required 

apparatus. These ratings are summarized in Table 5. From previous 

discussion the methods may be rated for some of the criteria as 

follows: reproducibility - all methods average; recovery (bias)

Hashim and Lapin inferior and rest average; variation and linearity.



Table 5. Method Ratings
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Criteria Hansen Quaife

Met

Hashim

lods

Lapin Bieri-1 Bieri-2

Execution S A A A I I

Analysis time S S S S I I

Sensitivity S A A A I I

Variation & 
Linearity S A A A A A

Specificity A I I I S S

Apparatus A S S S S I

Recovery(Bias) A A I I A A

Reproducible A A A A A A

TOTALS

S = superior 4 2 2 2 2 1

A = average 4 5 4 4 3 3

I = inferior 0 1 2 2 3 4
-
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Hansen superior and the rest average; and specificity - Bieri-1 and 

Bieri-2 superiors Hansen averages and Quaife, Hashim, and Lapin 
inferior.

In order to rate methods by analysis time, analysis time was 

first expressed as determinations per a given time period. Experi
mentally it was found that Quaife, Lapin, and Hansen methods-were 

able to perform 30 determinations (det) per 0.5 day; Bieri-1 at 

10 det/day; and Bieri-2 at 10 det/2 days. Therefore taking the most 
determinations for the shortest amount of time as most desirable, the 
methods can be rated as follows: Quaife, Lapin, Hashim, and Hansen

superior and Bieri-1 and Bieri-2 inferior.
Sensitivity was arbitrarily defined as the starting volume of 

plasma used by a method for tocopherol analysis. This definition was 

arbitrary since plasma volume can be altered for a given method by 

proportionally changing the other volumes of the assay. However, 

smaller volumes are difficult to handle, thus plasma volumes were 
chosen for ease of handling. By this definition, methods by increasing

specificity were Bieri-1 and Bieri-2 (2 ml plasma), Quaife (1 ml),
•/

Lapin and Hashim (0.5 ml), and Hansen (0.1 ml). Thus chromatographic 

methods were the least sensitive or inferior, colorimetric methods 

had intermediate or average sensitivity, and Hansen\s fluorometric 

method was the most sensitive or superior.
In order to assess a method’s ease of execution, the relative 

amount of technical skill and effort necessary to perform the method 

was considered. The Hansen method was the easiest requiring only an
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extraction followed by a direct fluorometric reading of the extract.
The colorimetric methods were more difficult than Hansen*s method 

since the color reaction required the timed sequential addition of 

reagents. By far the most skill and effort is required for the 
chromatographic methods which include saponification, extraction, 
evaporation, thin-layer chromatography, extraction, and colorimetric 
determination (Bieri-1) or further evaporation and gas-liquid 

chromatography (Bieri-2). Therefore, the methods can he rated for 
ease of execution as follows: Hansen superior; Quaife, Hashim, and

Lapin average; and Bieri-2 inferior.

Another important decision criterion is the amount of ap

paratus necessary to perform the given method. The colorimetric 
methods required the least amount of equipment, i.e. a colorimeter 

which is ordinarily found in most clinical or research laboratories.

The only apparatus necessary for Hansen1s method was a spectrophoto- 

fluorometer which could be a significant limitation due to the expense 

of this instrument. Bieri-1 required a colorimeter and TLC equipment, 

while Bieri-2 further called for a gas chromatograph. Therefore in 
terms of apparatus required, the methods may be rated as follows:
Quaife, Hashim, Bieri-1 and Lapin superior; Hansen average; and 

Bieri-2 inferior.
When the total superior, average, and inferior ratings for 

each method are considered (see Table 5), several conclusions can be 

made. First, the Hansen method had the best overall ratings with the 

most superior ratings, i.e. ease of execution, analysis time.
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sensitivity9 and variation and linearity and with no inferior ratings. 
Seconds the colorimetric methods of Quaife5 Hashimj and Lapin mainly 
rated average with superiors for analysis time and apparatus required3 

but with inferior for specificity. Hashim and Lapin also suffered 
poor recovery (marked bias due to nonlinearity) gaining another in

ferior rating. Third9 the chromatographic methods of Bieri-1 and 

Bieri-2 mainly rated inferior in terms of ease of executions analysis 

times and sensitivity with superior for specificity. Bieri-2 received 
another inferior rating for requiring a GC apparatus. From these 

ratings s the choice of method may be made by which criteria are to 

be maximized. Thus the methods may be chosen as follows: the

fluorometric method of Hansen for sensitivity, linearity and variation, 
analysis time, and ease of execution; colorimetric methods for an 

acceptable substitute to fluorometry if a spectrophotofluorometer is 

not available; and chromatographic methods mainly for specific 

alpha-tocopherol measurement.



CONCLUSIONS

This comparative study of several methods for plasma tocoph
erol analysis has brought to light some significant and not previously 

reported observations. First, in general, earlier reported methods 
established linearity and variation by ethanolic tocopherol standard 
curves and bias or recovery from a single plasma standard. However, 

this study clearly demonstrated that most methods1 performance with 

respect to linearity, variation, and bias markedly differed between 
ethanolic and plasma tocopherol standards. This clearly indicates the 
need to obtain plasma tocopherol standard curves during tocopherol 

analysis of plasma. Second, regression analysis of the plasma stand

ard curve was found to provide a measurement of linearity, variation, 
and bias, both constant and proportional. Constant bias is not treated 

with any significance in the literature, while this study found that 

constant bias did exist for several methods in plasma which has im
portant implications at low plasma tocopherol concentrations. Third, 

several representative methods were compared and rated according to 

recovery (bias), linearity, variation, specificity, sensitivity, 
analysis time, ease of execution, and required apparatus. From this 

rating scheme, a choice of method can be made depending on which 

criteria are desired. Thus, the fluorometric method of Hansen is the 

method of choice for sensitivity, linearity, variation analysis time
48
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and ease of execution. Colorimetric methods are an acceptable 
substitute to fluorometry if a spectrophotometer is not available. 
The only clear indication for chromatographic methods is when 

specificity for alpha-tocopherol is of importance.
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