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ABSTRACT

THE DETERM NATION OF VITAMN E I N THE PLASMA OF SI CKLE
CELL PATI ENTS BY HPLC

Ceorge G. Gentsy jr.
Mast er of Science

Youngstown State University, 1987

A H gh Performance Liquid Chromatography (HPLC)
method using a C.s colum with VWVdetection set at 280 nm

and methanol/water as the nobile phase was enployed to

guantitatively determ ne mg/L of a- t ocopher ol and
Y-tocopherol in the plasma of sickle cell and nornal
i ndi vi dual s. The nethod involved the use of a-tocophero

acetate as an internal standard. The plasma sanple was
denatured with ethanol and extracted wth n-hexane. The
hexane | ayer was evaporated and the residue dissolved in a
m xture of isopropanol and nethanol. The solvent m xture
containing the tocopherols was i nj ected into t he
chromat ograph and separation was acconplished in fifteen
mnutes at a flowrate of 2 mL/min. The height of the
resulting peaks was enployed to quantitatively determ ne the
anount of a-tocopherol and ¥-tocopherol present.

The clinical study involved the determ nation of the

anount of a-tocopherol and Y¥-tocopherol in the plasna of



el even sickle cell patients and eleven normal individuals.

For the sickle cell patients, ten of the eleven patients
studi ed had a-tocopherol levels of less than 5 mg/L. For
the normal individuals, ten of the eleven individuals had

a-tocopherol levels of nore than 5 mg/L. For Y-tocopherol,
the plasma levels for the sickle cell patients ranged from
1.23 to 4.31 mg/L. For the plasma of the normal patients,
t he y-tocopherol | evels varied from1.00 to 2.79 mg/L.

A statistical t test was perforned to conpare the
means of the a-tocopherol and Y-tocopherol plasma results for
the sickle cell and nor mal i ndi vi dual s. The mean
a-tocopherol value for the sickle cell patients' plasma was
471 x 1.16 (nean + standard deviation). The  nmean
a- tocopherol value for the nornmal patients' plasma was 6.72 %
1. 46. The nean J¥-tocopherol value for the sickle cel
patients' plasma was 2.31 % 0.989 and the nean ¥-tocopherol
value for the normal patients' plasma was 1.64 z 0.571. A
significant statistical difference was found between the
nmeans of the plasma a-tocopherol levels for the sickle cel
patients and the nornal i ndi vi dual s. No significant
statistical difference was found between the neans of the
¥Y-tocopherol plasnma levels for the sickle cell and nornal
i ndi vi dual s. However the ¥-tocopherol plasma level in
sickle cell patients plasma conprised a |arger percentage of
total plasnma tocopherols when conpared to ¥-tocopherol plasma

|l evel s in nornmal individuals.
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CHAPTER 1

| NTRCDUCTI ON

Structure of Vitamn E

Vitamn E, a lipid soluble vitamn, was discovered in
the 1920's and was |ater given the generic nane tocopherol.
There are eight vitamin E isoners and they are listed in
figure L The four nost inportant vitamn E isoners occuring
naturally are a-, B=, v -, and o -tocopherol. These
tocopherols vary in amount and biological activity (ability
to prevent oxidation of red blood cell nenbranes) in the
bl oodst ream of hunans. The predom nant isomer in human bl ood
is a-tocopherol which is the nost biologically active

t ocopherol (1).

Ani mal s and humans cannot synt hesize vitamn E and
nust rely on food sources for their supply. Foods containing
tocopherols include vegetable oils, fresh | eafy vegetables,
legumes, nargarine, and egg yol ks (1). In human plasma, 88%
of total vitamn E by weight is in the d-al pha-tocophero
formwhil e d- gamma-tocopherol is 10%, and d- beta-tocopherol
iIs 2% No detectable anount of d-delta-tocopherol is

usual |y found in human bl ood. The tocotrienols are found
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only in plants and not in mamal s (2).

Function of Vitamn E

The function of vitamn E is to protect unsaturated
lipids in the red blood cell nmenbrane from peroxidation.
Peroxidation is a chemcal process in which oxygen addition
occurs across the daouble bond of an unsaturated site,
resulting in cleavage of the fatty acid and the formation of
free radicals (3). The presence of peroxidized 1lipids in
human erythrocytes has resulted in increased susceptability

of the red cells to hydrogen peroxi de i nduced hemolysis (1).

The exact process whereby vitamn E protects the
erythrocyte nenbrane from oxidative dJdamage is not known.
Pl asma concentrations of a-tocopherol below 6 m=mg/L can
resul t in increased erythrocyte hemolysis by hydrogen
peroxi de attack on the red cell nenbrane. The condition
descri bed above is considered a nutritional deficiency of
vitamin B in the blood (4). Vitamin E circulates in blood
attached to B-lipoproteins. A strong correl ation between
plasma a- t ocopher ol concentration and plasma lipid
concentration exi sts, suggest i ng t hat vitamn E
concentrations should be interpreted relative to plasna lipid

levels (8,6). A concentration of 0.8 mg of tocopherol per

gram of total plasma lipids is considered adequate for



protection. Hevation of plasna total |lipids above 15 g/L
can apparently shift erythrocyte tocopherol to plasna
resulting in erythrocyte susceptibility to oxidation. The
susceptibility exists even if plasma concentrations of
tocopherol in hyperlipidemic states are adequate (5,6).
G her suggested roles for vitamn E include the prevention of
retrolental fibroplasia and bronchopulmonary dysplasia of
neonates in infants (3). Vitamn E is also reported to act
as an agent in slow ng the aging process , preventing heart

di sease , and increasing sexual endurance in humans (3).

Absorpti on of vitamin E

Absorption of vitamn E into the body is believed to
be associated with intestinal fat absorption. Approxinately
40%of ingested tocopherol is absorbed through the gastro
-intestinal tract, and the percentage is affected by the
amount of unsaturated dietary fat consumed as well t he
i somer type present. As polyunsaturated fatty acids increase
in the diet, the physiological requirements for vitamn E
increase. Vitamn E is predomnantly found in fatty tissue
and increased dietary a-tocopherol intake |eads to increased
concentration in all tissues, including plasnma, erythrocytes,

and platelets (1).



Sickle Cell D sease

Sickle cell anema (SCA) is a hereditary disorder
confined mainly to the Black population. In sickle cel
di sease, nornmal henogl obin (Hba) in the red cell is replaced
by an abnormal henogl obi n (Hbs). About 80% of the total
henmoglobin in patients with sickle cell anema is HbS.
Individuals with sickle cell anema are designated
honozygous, (neaning genes from both parents will produce
only BbsS)., Individuals with sickle cell trait are designated
het er ozygous, where one parent had nornal henogl obin, HbaA,
and the other par ent had abnormal henogl obin, Hbs.
| ndi vidual s with the sickle cell trait have relatively mnor

problens conpared to patients with sickle cell anema (7).

The red blood cells of sickle cell anema patients are
distorted and undergo rupturing of the cell nenbrane
(hemolysis) readily. Failure of the kidney and / or |ungs

along with bone infections usually result in the death of the
individual in the md to late twenties (8). GCher clinical
mani festations of the disease include chronic hemolytic
anem a, recurrent vaso-occlusive painful attacks, and
frequent bacterial infections. The synptons are wusually
different for each patient. Sone sickle cell patients have
many vaso-occlusive crises and require frequent bl ood
transfusions and hospi tal i zati ons, while other8 are

hospitalized infrequently (9).



Being a hereditary disorder, sickle cell anema is
caused by a malfunctioning gene. A point nutation in DNA
that codes for wvaline rather than glutamc acid at the sixth
position of the g-globin chain occurs (9). The nol ecul ar
substitution causes Hbs to polynerize and form filaments,
resulting in a reduction in the internal volune of the cell
The reduced vol une forces the oval nmenbrane of the cell to
collapse to the shape of a sickle. This sickling process
occurs in an oxygen poor environment (9). Upon subj ecting
the sickled red cells to oxygenation, a nunber of the sickled
(abnormally shaped) red cells revert to normalcy. The
portion of the red cells that don't revert are referred to as
irreversi bly sickled cells (I SCs) (10). dark and coworkers
(11) suggested that the inability of IsC's to revert to a
normal shape is due to their high internal viscosity, which
results fromcellul ar dehydration caused by abnormal mnenbrane
perneability. The 1Isc's can vary from 4.0% to 40% in
individuals with sickle cell anema (12). The henolysis
occuring in sickle cell anema patients is directly related
to the percentage of IsC's present in that individual (13).

Al though the genetic defect in the DNA strand is
mainly responsible for the clinical manifestations of SCA
secondary effects, such as peroxidation of the |ipid nenbrane
of the red cell, nust have sonme accountability. S K. Jain
(14) has denonstrated that autoxidation of sickle cel

henogl obin  produces various oxidation products, including



mal onyl dl al dehyde, which affects nmenbrane fatty acids. In
Vitro studies by Jain (14) depicted the further reaction of
malonyldialdehyde Wi th t he am no groups of positively charged
nmenbr ane phospholipids to produce a Schiff base product.
This reaction results in the —cross-linking of the
phospholipids in t he nmenbr ane. In Fi gure 2,
phosphatidylserine and phosphatidylethanolamine conbine with

mal onyl di al dehyde to form a Schiff adduct.

FATTY ACIDS

©AUTOX'RATION

HBSS 5_202 4
PEROX{DAT [ ON
C—=R A—C
R R=C
| . To————y ~ prm e
(=P - D -CHy-cH-1) =+ SVIIL G W S . 4
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PHOSPHATIDYLSERINE MALONYL D! ALDEHYDE PHOSPHAT.IDYLETHANOLAMINE

FiciRe 2, Schema showing Schifi's base adduct formation hetween phosphatidyiserine.
phosphatidyiethanalamine. and maionyldiaidenyde. (From Ref. 14)

Vitamin E has an inportant role 4in limting



peroxidation in biological systens. Wth this fact in m nd,
t he anount of Schiff base forned should i ncrease when vitamn
E concentrations in the blood are low, as in sickle cell
anema patients. Shohet, S and Jain, S (15) have
denonstrated the increase of Schiff base formation in sickle

cell anem a patients by enpl oying TLC

SCA and Vitam n E Ther apy

C L Natta and coworkers (10) have denonstrated
that sickle cell anem a patients who were given 450 1IU of
vitamn E per day for up to 35 weeks, showed a decrease in
the percentage of circulating Isc's in their blood. The
percentage of ISC's decreased from 25 + 3% before therapy to
11 £ 1% after vitamn E was adm ni stered, and the percentage
remained low as long as vitamn E therapy was conti nued.
Pl asma t ocopherol |evels increased fromO.7 £ 0.2 mg/g lipid
before therapy, to 2.3 £ 0.3 mg/g lipid after the treatnent
Wth vitamin E C L Natta and coworkers (10) were unable
to predict whether prolonged admnistration of vitamn E
woul d all eviate the debilitating conditions of the di sease as
a consequence of the reduced | SC percent age.

Chiu et al (9) did a simlar study on 1ISC's. They

started with patients wth an average 12% IsSc count before



vitamin E was admnistered and found no significant
difference in the 1SC count after vitamn E admnistration.
Chiu and coworkers (9) al so studied the absorpti on of
vitamin B in the gastrointestinal tract of sickle cell anemia
patients. They found that the sca patients did not absorb as
much vitamn E into the bl oodstreamas the nornmal patients
did, such that after six hours, the nornal patients absorbed

3.5 times nore vitamn E than the scAa patients did.

Statenent _of the Probl em

A nunber of studies have been performned t hat
determne the vitamn E content in plasma of sickle cell
anema patients. Chiu and cowrkers (9) found a significant
difference in plasma vitamn E content between sickle cell
and nornal patients by HHLC THe vitamn E content of sickle
cell plasma was |ow when conpared to nornal plasna. Natta
et. al (10) also found low Vitamn E content in the plasma of
sickle cell anema patients by a fluoronetric procedure.
Muskiet and Muskiet (16) found no significant difference in
plasma vitamn E levels between sickle cell and normal
patients by HPLC. However only six sanples were run by the
Muskiet group.

Avitamn E determnation study of sickle cell anemia
patients was started at YSU in an effort to duplicate and

improve the previous studies nentioned. The studies



performed by the various groups have yielded contradictory
information concerning the relative levels of vitamn E in
plasma of sickle cell anemia patients versus normal
individuals. The  present study could vyield valuable
informati on which could elimate the contradiction. Also,
the previous nethods neglected to examine the different
i somers of tocopherol in SCA patients versus norna
individuals. Athough not a cure, vitamn E, acting as an
antioxidant, nmay alleviate some of the debilitating symptoms
associ ated with SCA di sease.

The nethod enployed in this study was origi nated by
Catignani and Bieri (17) and is titled *"Simultaneous
Determ nation of Retinal and a - Tocopherol in Serum Of Plasma
by Liquid Chromatography.” The part of the nethod concerning
vitamin E was used with sone nodifications. In this nethod,
vitamin B was determ ned by reverse phase HPLC, enploying a

UV detector at 280 nm.

10



CHAPTER 11

METHODS OF DETERM NATION GF VITAM N E

Colorinetric Method: CGeneral Interferences and Pretreat nent

One of the oldest nethods for determning vitamn E
is acolorinetric procedure (18). In this nethod, Vitamn E
reduces ferric ions to ferrous ions. The resulting ferrous
ions then react wth a conplexing agent to forma col ored
solution. Interferences fromother reducing substances in
the biological material being tested, resulted in erroneously
high amounts of vitamn E determned by this nethod.
Extensive sanple clean up procedures were enployed in an
effort to dimnish the interferences. Vitamn E was
determ ned in vegetable and aninmal materials by this nethod.
QG her nmethods for determning vitamn E include the use of
gas -liguid chromat ography (G.C), thin-layer chromatography
(TLO, and high performance |iquid chromatography (HPLC).

Three major problens are encountered when vitamn E
is determined in biological materials (19). First, the
instability of the tocopherols nust be considered during
sanpl e preparation. Vitamn E is readily oxidized, and in

the presence of heat, |ight, alkaline pH conditions or neta

11
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ions, the oxidation reaction is accel erat ed. During sanple
preparation, extrene care should be exercised in executing
any isolation or fractionation steps. For exanple, in TLC
determ nations, the sanple is devel oped on a thin layer plate
often exposed to the air where oxidation can readily occur
Secondly, interferences resulting from the presence of
lipids, particularly cholesterol, can cause problens in
vitam n E assays. A variety of approaches have been devised
to renove lipids from biological materials before determning
vitamn E The last problem involves the difficulty of
separating vitamn E into its conponent isoners (a-, B-, Y -,
and & -tocopherol). U to the present, separating
B-tocopherol from -tocopherol has been extrenely difficult.
Only recently has normal phase HPLC af forded an accurate and
simpl e procedure for this separation (19).

For the colorimetric and GLC procedures, extensive
sanpl e preparation techni ques nust be enpl oyed. The renova
of lipids fromthe sanple is necessary before the tocopherol
analysis can be perforned. This step is acconplished usually
by enpl oying thin-layer or col umm chronmat ography. A typical
pretreatment schene, before the renoval of lipids for the
colorinetric and G.C procedures, usually involves sone or al
of the follow ng three steps (19).

1. Physical Treatnment of the Sanpl e:
Sanpl es such as oils, plasma, and sone foods can

forgo physical treatnment that involves grinding.
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However, fibrous plant and animal tissue require a

honogeni zati on step

Saponi fication Step:

Saponification is enployed to renove interfering
triglycerides and to |iberate tocopherol from any
esters that may be present. The saponification
procedure invol ves refluxing the sanple with

et hanol i ¢ pot assi um hydroxi de for a suitable period
of time. Precautions should be observed at this
point to avoid oxidizing vitamin E A nitrogen

at nosphere shoul d be enpl oyed during the

saponi fication procedure to preclude oxidation

Ant i oxi dants, such as pyrogal |l ol or sodi um ascorbate »
can al so be beneficially enployed to reduce

oxi dation at this stage.

Li pid Extraction:

After saponification, the mxture is diluted with
wat er and extracted with hexane. The saponified
lipids remain in the water layer. The organic |ayer
is separated and evaporated to dryness. The dried
resi due contaning vitamn E is dissolved in a

sui tabl e organi ¢ solvent and anal yi zed by GLC or the

colorinetric method.



Gas-Liguid Chr onat ogr aphy (GLC)

The nethod of gas-liquid chromatography has been
wi dely used to determ ne tocopherols in biological materials
(20). Certain  physical - cheni cal properties of these
conmpounds nmake the G.C nethod | ess than ideal. Since the
t ocopherol s have hi gh nol ecul ar weights and | ow vol atilities,
the G.C nethod requires high anal ysis tenperatures and | ong
anal ysis tines. The possibility of degradation of the

tocopherols at the high tenperatures of analysis is al ways

present .

For the GQ.C determination of vitamn E the sanple
preparation step is critical. Interferences fromlipids in
t he unsaponi fied biological material is nmore than likely to

occur in the GC nmethod. The AC method al so results in the
coel uti on of a-tocopherol and cholesterol. For this reason,
nore than one step is often used to renove cholesterol. As a
result, sanple pretreatnment in A.C is often arduous and tine
consum ng.

The G.C met hod can separate a-, ¥ , and $-tocopherol
easily. However the separation of 8- and Y -tocopherol
presents a chal l enge of imrense proportions. To help achieve
this goal, a nore volatil e tocopherol compound in the form of
a derivative is nade. In the GAC nmethod of determning
vitamn E, an inportant step is the derivatization procedure.

Al t hough t ocopherol s can be chromat ographed w thout resorting

14
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to derivatives, derivatization reduces the retention time and
anal ysi s tenperature. Another benefit of derivatization is
i nproved resolution and peak shape. Most derivati zation
procedures involve the preparation of trinmethylsilyl (TMS)
ethers (21, 22), or acetates (23, 24). A variety of other
derivatives have been nmade. These include propionates (25),
but yrat es (26), trifluoroacetates (27), and
pent af | uor opr opi onat es (23).

The nost popular inert supports used in the GC
determnation of vitamn E include silanized Gas Chrom Q
Chronosorb, and Celite. For non-derivatized tocopherol
determ nations, a nonpolar to nmedium polar stationary phase
is used. These stationary phases include SE-30 (24), ov-1
(28), ov-17 (28), and SE-52 (29). Mbdderate to severe tailing
of the tocopherol peak results when polar stationary phases
such as XE-60, and Ov-25 are used (28). Recently, a gas
chr omat ogr aphi c- mass spectronetric (GC- M5) assay of vitamin E
was performed using a polar stationary phase consisting of 3%
Silar 10cC (30).

The nost widely used detector for the GLC nethod of
determining vitamn E is the flame ionization detector. A
G.C nmet hod devel oped by a Japanese group used a ®=Ni el ectron
capture detector (EcD) for determning Vitamn g (31). The
flame ionization detector and the el ectron capture detector
are capabl e of determ ning tocopherol isonmers in the mg/L

range in biological materials.



For a nore sensitive analysis at the picogram |evel
a GC-MS method can be enployed (30). In this nethod,
deuterated tocopherol acetate was enployed as the internal
standard and ions at M/Z 502 (nol ecular ion of tocopherol
trimethysilyl et her) and M/Z2 515 (nolecular ion of
t ocopherol - d13- TMS et her) were sinmul taneously nonitored using
20 eV ionization energy in the electron inpact node. The
preceding G- M5 nethod was used to determ ne tocopherols in
lung tissue. A quantitative GGM5 nethod to determ ne
t ocopherol s in pl asma was devel oped (29). The GG M5
procedure is used frequently as a qualitative tool to
determ ne the presence of tocopherol in mlk (32), vegetable
oils (33), tissue (34), and pharnmaceuti cal preparations (35).

In quantitative GLC net hods, peak height or peak area
is used. Calibration involves the analysis of sanples to
whi ch known amounts of tocopherol are added. Standard curves
can be nmade by plotting peak height or peak area versus the
amount of tocopherol added. A suitable internal standard
(1S is added to conpensate for |osses during sanple
pretreatnment and variations in injection volunes during a
chr omat ogr aphi c run. A substitution for the peak height or
peak area of the substance being determ ned can be nade. Use
of peak height or peak area ratios (tocopherol/IS) can be
enpl oyed to inprove accuracy. A properly chosen interna
standard has a suitable partition coefficient and doesn't

interfere with the tocopherol peaks on the chromatogram A

16
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nunber of suitable internal standards are 5,7-dimethyltocol
(36), and a-tocopherol propionate (37).

In 1962, WIson and coworkers (28) denonstrated
that GLC separations of tocopherols occur according to the
nunber of nethyl groups present on the cyclic rings. They
mare able to separate nono-, di-, and tri-nethyltocols. They
cal cul ated separation factors based on the nunber of nethyl
groups on the cyclic rings and predicted the relative
retention volunes for the different homologs.

Slover et al (38) were the first to prepare silyl
ether derivatives, which proved to yield nore symmetri cal
peaks t han t he underivatized conpounds. Recently, Shen-Nan
Lin and Horning (22), using capillary G.C resol ved the four
t ocopherol s as T™MS ether derivatives, enploying a 32 m open
tubular colum coated with a polar PZ-176 |iquid phase.
Fi gure 3 denonstrates the separation of the four tocopherols
which was acconplished in a 55 mnute run. Asimlar
separation was perfornmed by Mordret and Laurent (39), using a
20 nmeter OV-17 capillary colum. The analysis time t ook only
15 mnutes and separated all f our t ocopherols and
tocotrienols. Tocopherol stereoi soners can al so be
resolved by capillary QC Resol uti on of a- t ocophero
stereoi soners has been acconplished using a 115 a gl ass
capillary colum coated with SP-2340 (40). Capillary @eLc has
been used tO analyize crude plasnma extracts wthout

resorting to the need for saponification, TLC, or other types



of cleanup (22). However, the analysis requires 65 m nutes

to separate a-tocopherol fromchol esterol and other lipids.

S N

L 1 !

40 50 60
Time {rminl

Figure 3.  Separation of o, 8-, y-, and $-tocopherol as trimethyl-
silyl ethers. Operating conditions. temperature programmed {rom
180°C at 2°C/min; 32 m x 0.25 mm ID open tubul ar glass capillary coi-
nmn, coated Wth polar phase PZ-176; carrier gas. nitrogen; initial
column pressure, 5 psi; split ratio, 10: 1. (From Ref. 22 )

Thi n- Laver Chromatography (TLC)

TLC in conbination with gas-1iquid chronmatography or
colorimetry has been used to determne tocopherols and
tocotrienols in blood serumand plasnma (41, 42), red blood
cells (43, 44), 1liver (45), vegetable oils (46), and
phar maceuti cal preparations (47). The najority of the ol der
tocopherol assay nethods for conplex biological nmaterials

used TLC to separate the lipid fraction from the vitamn g

fraction in the sanple (19). For a typical TLC run, the



spots on the TLC plate associated with vitamn E were scraped
off, eluted, and quantitated by a colorimetric or G.C
pr ocedur e.

For the <colorinetric procedure, the TLC plates were
devel oped and the tocopherol spots located and scraped off.
The tocopherols were eluted with ethanol, centrifuged, and
the liquid mxed with the Emmerie-Engel col or produci ng agent
(19). The absorbance of the solution was then neasured on a
spect rophot onet er .

For the GLC procedure, the tocopherol contaning
el uate was evaporated to dryness and the residue derivatized.
A suitable aliquot was injected into the GLC system and the
peak areas were neasured and quantit ated.

Silica gel is the adsorbent nost often used for TLC
separations of vitamn E isonmers. A nunber of other supports
have been used, including Al um na, Florisil, Kieselguhr, and
m xtures of zinc carbonate with Alumna or Silica gel G (19).
Most TLC systens have failed to distinguish between isoneric
dimethyltocopherols and di nethyltocotrienols. Pennock et al
(49), devel oped a two dinensional technique that separated
conpl ex tocopherol and tocotrienol mxtures in plant
materials. Chloroformwas enployed to develop the plates in
the first dinmension and yiel ded a separation of the different
honol ogs. The second di mensi on was developed with a m xture
of diisopropyl ether and petroleum ether, resulting in a

separation of beta- and gamma-tocopherol i Soners.

19



High Perfornmance Liquid Chronat ography (HPLC)

d assi cal colum  chromatography is used in
conjunction wth colorinetric and gas-I|iquid chromnat ographic
met hods for tocopherol determnations. However, the HPLC
method can be used wthout the need of an additional
technique and requires little or no sanple pretreatnment (19).
The HPLC technique is characterized by high efficiency, good
sensitivity, and short analysis times. The devel opment of
m cro packing materials (2 to 5 mcrons in dianmeter), and the
advent of high pressure punps , have led to the inproved
colum efficiency and resolution enjoyed by HPLC  These
i nprovenents have nade HPLC the nethod of choice for
t ocopherol determ nations (19).

Thonmpson and coworkers (52) developed the first
met hod to determ ne tocopherols by a liquid chronatographic
pr ocedur e. Wth a chromatographic column consisting of
(hydroxyalkoxypropyl Sephadex) coupled to an on-1line
spectrofluorinetric detector, tocopherols in tissue, food,
and serumwere determ ned. The analysis tine of ninety
mnutes, and the limted sensitivity , nade this nethod | ess
than ideal when conpared to present day HPLC nethods.
However, Thonpson et al (52) were able to separate positiona

isomers of the tocopherols and the tocotrienols in a single



run  with good quantitative representation. Initial LC
determ nations of vitam n E were based on pellicular supports
(53), which were later superseded Dby m croparticul ate
materials offering greater colum efficiency.

HPLC can determ ne tocopherols wusing polar or
nonpol ar stationary phases. Reverse phase chromat ography.
which wuses a nonpolar stationary phase and a nore polar
nobi | e phase, has the advantage of good colum stability,
excel | ent reproducibility of retention tines, and fast
equi libration (19). Reverse phase chromatography is
excellent for separating honologs, that differ fromeach
ot her by the nunber of carbon atons in the nolecule. Reverse
phase chromat ography at the present tinme has not been able
to separate the positional isonmers beta-tocopherol from
ganma- t ocopherol . Cook et al (54) using a reverse phase Ciqo
colum w th over 100,000 plates per neter was not able to
separate Dbeta-tocopherol from gamma-tocopherol in plasna
Most reverse phase HPLC nethods for tocopherol wuse an
oct adecyl silane (C.a) packing material wth nethanol or
nmet hanol - water m xtures as the nobile phase. Snall anounts
of water are added to the nethanol to control the retention
time of the isoners.

Normal phase |liquid chromatography uses a polar
stationary phase and a | ess polar nobile phase. Nornmal phase
l'i quid chromat ography can separate tocopherol isoners easier

than reverse phase, but suffers from colum packing



deterioration at an earlier dat e. Nor nmal phase
chromatography also requires less pretreatnent than reverse
phase chromatography for vitamn E determ nations. Van
N ekerk (55) was the first person to performa successf ul
separation of beta- from gama-tocopherol by a nornmal phase
net hod. The nethod enpl oyed a silicic acfd based Corasil 11
packed colum, and a nobil e phase consisting of a mxture of
di i sopropyl et her - hexane (5/95) by volume. A microparticul ate
silica colum, along with the same nobile phase, later
yi el ded superior performance in terns  of ef ficiency,
resol ution, and analysis tine (56).

The first separation of all eight natural tocopherols
and tocotrienols was acconplished on a Corasil II columm
(59). Substitution of a mcroparticulate packing naterial
for the older pellicular material resulted in increased
colum efficiency and resolution. The vitamn E separation
that took 80 mnutes with the pellicular material (59) was
reduced to 15 mnutes with the mcroparticulate packing
material (60). A typical separation using mcroparticul ate

packing material is illustrated in figure 4.

The detection systens nost commonly used for the HPLC
determ nation of tocopherols are uwv |, fl uorescence, and
el ectrochem cal detection. a-Tocopherol exhibits relatively
poor WVWabsorbance, (Ml ar Absorptivity is 3530 cm*/mmol at

292 nm, however the absorbance is sufficient to yield
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Figure 4 Segaration of tocopherols and tocotriencls. Chromatographic
conditions: 25 x 0.46 c¢m stainless steel. column packed with $ um
Lichrosorb $i 60; eluent, hexane-diethyl ether (95:5, v/v); flow rate,

2 ml/min; detection: fluorescence, Aexc 295 NM; Aam 330 nrn.  Peak
identification: (1) a-tocopherol; (2) a-tocotriensl; (3) 8-tocopherol;
(4) butylhydroxyanisole (BHA); (3) y-tocopherol; (6) 8-tocotrienol;

(7) y-tocotrienol; (8) &§-tocopherol. (From Ref. 60 )



adequate sensitivity (61, 62). The detectionlimt at 292 nm
for a-tocopherol was estimated to be 60 ng (63). The |owest

amount of a-tocopherol that could be determ ned accurately in

serum with this WWdetection systemwas 0.6 mg/L (63). W
detectors are concentration rather than nass dependent and

colum size greatly affects their sensitivity (64). The
greater sensitivity is achieved by wusing snaller dianeter

colums (65, 66). Some nethods used fixed wavel ength W
detectors at 280 nm with only a slight compromise in

sensitivity.

Superior performance in selectivity and sensitivity
is achieved with fluorescence detection for the HPLC
determ nation of tocopherols. Tocopherols can be nade to
fluoresce by exciting the nol ecul es at the wavel engt hs of 205
or 295 nm (19). The excited nol ecul es have an em ssion that
is nmeasured at 330 nm Using an excitation wavel ength of 295
nm the mninmm detectabl e anount of a-tocopherol obtained
by this detection nmethod was reported to be 9 ng (67). By
using an excitation wavel ength of 205 nminstead of 295 nm
Hatam and Kayden (68) reported a twenty -fold increase in
sensitivity for a- t ocopherol . Recently, tocopherols have
been determined in plasma, platelets, vegetable oil, and
liver by the fluorescence nmethod at 205 nm (69).

El ectrochem cal detection of tocopherols in HPLC is
enpl oyed infrequently and only when extrenely high

sensitivity 1is required. Tocopherol s can be oxidi zed at a
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glassy carbon electrode at a potential of + 0.7 V versus a
Ag/Agcl reference el ectrode (19). Both reverse phase and
normal phase liquid chromat ographi c systens can be enpl oyed,
even in conjunction wth nonaqueous solvents, providing
sufficient supporting electrolyte is incorporated in the
nobi | e phase. By wusing reverse phase chromatography and
incorporating ©0.05 M sodium perchlorate in a nobile phase
m xt ure consi sting of nethanol - pyridine (99.9/0.1) by vol une,
t ocopherol in blood was determ ned (70). Tocopherol |evels
as low as 50 pg could be detected by this method.

The calibration schene for HPLC invol ves essentially
the same procedure as that explained for QC Ext er na
standard nmethods can be used where known amounts of
t ocopherol are added to a sanple and peak areas or heights
are calculated and plotted against concentration. Many
t ocopherol assays have relied on external standardization
usi ng peak height (57, 62, 66) or area neasurenents (60, 71).
| mpreci sion caused by poor sanple injection technique has
been largely elimnated by using nodern sanpling valves, so
that the mjority of werror is now the result of the
extraction procedures (19). Consequently, precision can be
inmproved by wusing an internal standard. The interna
standard is wdely enployed in HPLC and conpensates for
| osses during sanple handling and provides a neans to correct
for fluctuations in solvent conposition and flow rate.

A good internal standard should possess the quality



of structual simlarity to the conpound of interest (72).
Tocol is the nost widely used internal standard in the HPLC
determ nation of tocopherols (58, 72). Tocol has a
structure simlar to tocopherol but differs by having three
fewer methyl groups on the cyclic ring system In sone
chr omat ogr aphi ¢ net hods, tocol does not elute close enough to
the tocopherols, hence a-tocopherol acetate is used as an
alternate internal standard, particularly in reverse phase
chr omat ogr aphy (65, 74).

A typical analysis schenme for tocopherols by HPLC
invol ves a doubl e- phase solvent extraction, followd by
isolation and evaporation of the organic |ayer. The
resulting residue is dissolved in a snmall anobunt of organic
solvent and injected onto the colum. The tocopherol peaks
are identified and the peak heights or areas are wused to

determ ne the anounts present.



CHAPTER III

SOLVENTS, MATERI ALS, STANDARDS, AND APPARATUS

Sol vent s

The met hanol, water, and hexane used were HPLC grade
solvents from Mallinckrodt, Inc., Paris, Kentucky 40361
The et hanol was absol ute, 200 proof, USP grade solvent from
AAPER Al cohol and Chem cal Co., Shelbyville, Kentucky 40065.

The i sopropanol was reagent grade solvent from Mallinckrodt,

I nc.

St andar ds

Purified d- a- t ocopherol , d- Y -tocopherol and
d- a-tocopherol acetate were purchased from Eastman O ganic
Chemi cal s, Rochester, NY 14650. Purified d-$-tocopherol was
purchased from Supelco Inc., Bel | efonte, Pa. 16823. The

st andards were stored in the freezer upon arrival.

Mat eri al s

1. The test tubes used in the nethod were 6x50 mm di sposabl e

gl ass tubes. They were washed and reused.

2. Atest tube holder with six positions for tubes was



constructed out of wood.

The corks were nunber 000 to fit the test tubes.

The nitrogen was supplied by a nitrogen tank with

regul ator set at 4.0 1b/in=.

The heliumgas for the HPLC systemwas supplied by a
heliumtank with regulator set at 2.5 1b/in=.

The filters used to filter the nobil e phase were Nyl on 66
filters, 0.45 um pore size and 47 mm in dianmeter from
Rainin I nstrunment G., Mick Road, Wburn, NA 01901.

A 100 uL gl ass syringe from IBM i nstrunents was used to

inject a sanple.

Appar at us

A nodel Lc/9533 ternary gradient |iquid chronmatograph
with work station incorporating a LC/9523 vari able UV
detector, a 9553 solvent degas assenbly and an injection
system containing a 50 uL | oop was enpl oyed from | BM

I nstruments Inc., Danbury, Q. 06810.

A rever se- phase oct adecyl (G,), 5.0 mcron particale
size stainless steel colum, 45 mm i.d. X 250 mm | ength
was enpl oyed fromIBM I nstrunments | nc.

A stainless steel 46 mm i.d. X 5 cm guard column packed
with 10.0 mcron Cie Was used from Alltech Associ at es
Inc., Applied Science Labs., 2051 waukegan Road,
Deerfield, IL 60015.



A Sargent Wl ch nodel XKR strip chart recorder wth
S-72164- 10 paper was used from Sargent Wl ch Q.

A evel and, CH

A vortex mxer (nodel K-500-J) fromScientific Industries
Inc., Springfield, Mass. 01103 was used to shake the
sanpl e.

A Sorvall 6Lc-1 centrffuge from Dupont |nstrunents,

Wl mngton, Del. was used to centrifuge the sanpl es.

A gl ass capillary evaporator was nmade from6 mm thick
wal | ed gl ass tubing drawn to a fine capillary.

The mcro-pipets used were 25, 50, 100, and 200 uL from

Col e- Parner Instruments ., Chicago, Illinois 60648.



HPLC | nstrunent System

The HPLC instrument systemis depicted in figure 5
A High Performance Liquid Chromatographi c system consi sts of
five major conponents. They are the solvent system punp,
anal ytical colum, detector, and recorder. The sol vent

systemconsists of a one liter glass bottle wth degassing

capabilities. A high pressure punp forces the prefiltered
sol vent through the guard colum and then through an
anal yti cal col um. The guard columm filters out small dust

particles and insolubles in the sanple and nobil e phase. The
sanple is injected into the injection port and passes through
the guard colum to the anal ytical colum where separation
t akes pl ace. The separated conmponents continue on to the
detector where electrical signals are forned. The signals

are anplified and neasured on a recorder.
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CHAPTER 1V

EXPERI MENTAL

Preparati on of the Mbile Phase

Usi ng a 1000 mL graduated cylinder, measure 975 mL Of

HPLC grade nethanol. Add 25 mL of HPLC grade water to the
cylinder to nake one Iliter of 97.5 % aqueous nethanol
sol ution. The nobil e phase was filtered through a Nyl on- 66

filter. The nobile phase was degassed for five m nutes using
a vacuum punp attached to the degassing systemon the HPLC
The solvent container was constantly purged with helium at

2.5 I b/in2 after degassing.

Preparati on of Standards

The st andar d sanpl es of d- a- t ocopher ol
d-' -tocopherol, and d-a-tocopherol acetate were renoved from
the freezer approximately one hour before being used. The

sanpl es are highly viscous naterials at roomtenperature and
are difficult to renove fromthe sealed vials in which they
are stored. A 22.4 cm dropper was used to renove the liquid

sanples fromtheir respective vials.
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St ock st andar d solutions  of d- a- t ocopher ol
d-f-tocopherol, and d- a-tocopherol acetate of 15 mg/mL in
et hanol were prepared by weighing the liquid standard into a
10 mL volunetric flask. Wrking standards of d-a-tocopherol
d-¥-tocopherol, and d- a-tocopherol acetate were prepared by
diluting each stock standard 100 fold with ethanol. A 50 mL
volunetric flask was used and 0.5 mL of stock standard was
diluted with ethanol. Stock standard solutions were stored
inthe freezer at -20°Cc and are reportedly stable for two
nmonths. (17). Working standard solutions were stored in the
freezer at -20°c and are reportedly stable for one week
(17).

A standard curve for d-a-tocopherol was prepared by
using 50, 75, 100, and 125 uL of d-a-tocopherol working
standard containing 15 X 10-2 mg/mL of d-a-tocopherol in
et hanol. The standard sanples were made up to a volunme of
200 pL with ethanol and the sanpl e procedure on the follow ng
page was enployed. A standard curve for d-J-tocopherol
was prepared by using 50, 75, and 100 pL of d-§-tocopherol
working standard containing 1.5 X 10-2 mg/mL of d-
)*-tocopherol in ethanol. The standard sanples were nmade up
to a volume of 200 uL with ethanol and the sanpl e procedure
on the follow ng page was enpl oyed. Each standard sanmple of
d-a- tocopherol and d-¥-tocopherol contained 100 aL oOf

d- a- t ocopherol acetate and 200 uL of HPLC grade water.



Sanpl e Storage and Stability

Pl asna sanpl es were used in the procedure. Whol e
bl ood sanples were collected, in nost cases, after an
overni ght fast. Plasma sanples were stored in a

refrigerator at 4°c and reportedly are stable for as long as
10 days (17). Serumsanples were stored in the freezer at
-20°Cc and are reportedly stable for a period of one year
(17). Plasma sanpl es were obtai ned fromwhol e bl ood sanples
by centrifuging the whole bl ood containing an anti coagul ant

at 2000 r.p.m. for 10 m nutes.

Chromatographic Condi tions

Sanpl es were run at roomtenperature. A UV detector
set at 280 nm was enployed using a sensitivity setting of
0.01 AUFS. The flowrate of the nobile phase was 20 mL/min.
A sanpl e |l oop of 50 uL was enployed. The chart speed of the

recorder was set at 1.0 cm/min.

Procedure (17)

1 A 200 uL sanple of plasnma was pipetted into a 6 X 50 mm
test tube. Sanple size can vary from 100- 200 uL, as | ong

as an equal amount of ethanol is used to denature the



prot ei n.

A 100 uL anount of a-tocopherol acetate working standard
containing L5 x 10-2 mg/mL of a-tocopherol acetate in

et hanol was added to the test tube.

A 100 uL anmount of ethanol was added to the test tube. A
cork was used to stopper the test tube and the tube was
vortex mxed for 10 seconds.

A 150 pL anmount of hexane was added to the test tube. The
contents of the tube was vortex mxed vi gorously and
intermttently for 45 seconds.

The tube was centrifuged at 800 r.p.m. for 5 mnutes.

A 100 uL anmount of hexane containing the tocopherols (top
| ayer) was transfered by mcro-pipet to a second 6 X 50 mm
test tube. The hexane was evaporated to dryness fromthe
sanpl e by bubbling nitrogen gas into the sanple using a
gl ass capillary tube

A 50 uL anount of isopropanol was added to the residue in
the test tube. A 50 uL anmount of nethanol was added to
the test tube. A cork was placed on the test tube and the
contents was shaken for 5 seconds by using the index
finger.

A 50 uL anount of solution was injected into the |iquid

chr omrat ogr aph.



CHAPTER V

RESULTS AND DI SCUSSI ON

St andard Curve for d-a-Tocopherol

The standard curve for d-a-tocopherol was constructed
by plotting the peak height ratio versus the weight ratio of
d- a-t ocopherol / d-a-tocopherol acetate. The standard curve
for d-a-tocopherol is depicted in Figure 6

The standard sanples enployed in constructing the
curve were prepared by diluting the a-tocopherol stock
standard (1.5 mg/mL) 100 fold with ethanol and taking 125,
100, 75, and 50 uL of working standard solution (1.5 =x10-%
mg/mL) for analysis. To each standard sanple , 100 uL of
a- tocopherol acetate working standard (1.5 x10-2 mg/mL) and
200 uL of HPLC grade water were added. The analysis
procedure previously described was enpl oyed, ultilizing a 50
pL sanple injection into the chromatograph. Each standard
sanple was run in triplicate and the results were averaged.
The peak height for a-tocopherol and a-tocopherol acetate
fromeach standard mcroliter sanple was neasured in mm oOn
the chromat ogram The peak height ratio of a-tocopherol /
a- tocopherol acetate for each standard sanpl e was cal cul at ed

and recorded. The weights in mcrogranms of a-tocopherol and
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a-tocopherol acetate in the four standard sanples were
calculated from the mcroliters of each diluted working
standard enpl oyed. The weight ratio of a-tocopherol /
a-tocopherol acetate for each standard sanple was cal cul at ed
and recorded. The data for the calibration curve for

a-tocopherol is displayed in Table 1

TABLE 1

Data for the Calibration Curve of A pha-tocopherol
a-tocopherol Peak Height Ratio VWight Ratio

Added (uL) (a-tocopherol / (a- tocopherol /

- a- tocopherol acet at e) a- tocopherol acet at e)

- (mm/mm) (ng/ng)

125 (62.0/36.5)=1.70 (1.86/1.64)=1.13
100 (49.0/35.5)=1.38 (1.49/1.64)=0.91
75 (36.0/36.0)=1.00 (1.12/1.64)=0.68
50 (24/35.5)=0.68 (0.75/1.64)=0.46

St andard Curve for d-¥-Tocopherol

The standard curve for d-¥-tocopherol was

constructed by plotting the peak height ratio versus the
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weight ratio of Y-tocopherol / a-tocopherol acetate. The
standard curve for Y-tocopherol is shown in figure 7

The standard sanples enployed in constructing the
curve were prepared by diluting the yutocopherol st ock
standard (1.5 mg/mL) 100 fold with ethanol and taking 100,
75, and 50 uL of working standard solution (1.5 x10-2 mg/mL)
for analysis. To each standard sanple, 100 uL  of
a-tocopherol acetate working standard (1.5 x10~-2 mg/mL) and
200 uL of distilled water were added. The anal ysis procedure
previ ously descri bed was enpl oyed, utilizing a 50 aL sanple
injected into the chromatograph. Each standard sanpl e was
run in triplicate and the results were averaged. The peak
height for ¥-tocopherol and a-tocopherol acetate for each
standard mcroliter sanple was neasured in mm on the
chr omat ogr am The peak height ratio of rLtocopherol /
a- tocopherol acetate for each standard sanple was cal cul ated
and recorded. The mcrogram anount of 1-tocopherol and
a-tocopherol acetate in the three standard sanples was
calculated from the mcroliters of each diluted working
standard enpl oyed. The weight ratio of 1-tocopherol /
a-tocopherol acetate was calculated and recorded for each
standard sanple. The data for the calibration curve for

J-tocopherol is displayed in Table 2



Tabl e 2

Data for the Calibration Qurve of Gamma-t ocophero

¥-tocopherol Peak Height Ratio Weight Ratio
Added (uL) (¥-tocopherol / (}~tocopherol /

- a-t ocopherol acet ate) a-t ocopherol acet at e)

- (mm/mm) (ug/ung)

100 (56.0/38.0)=1.46 (1.75/1.64)=1.07
75 (42.0/39.0)=1.07 (1.31/1.64)=0.80
50 (28.5/39.5)=0.72 (0.875/1.64)=0.53

Cal cul ati on of the Amount of a- Tocopherol and Z—Tocogherol in

a Pl asna_Sanpl e

To cal cul ate the anmount of a-tocopherol in an unknown
pl asma sanpl e, the follow ng equati ons were enpl oyed.

Peak height a-tocopherol - RT
Peak hei ght a-tocopherol acetate ~

RT X _Amount of added internal standard (mg)
Sl ope of standard curve x Volune of sanple (L) = A

A = a-tocopherol in mg/L

The same equation is used to cal cul ate the anmount of

1-tocopherol in a sanple except the peak height of



¥-tocopherol and the slope of the f-tocopherol standard curve

are substituted in the above equati ons.

Ret enti on Data

The retention times of the tocopherols investigated
are listed in Table 3. Beta-tocopherol and gamra-tocopher ol
can not be separated by the C€ie column used in this study.
Both i soners have retention tines of eight mnutes and appear
as a single peak on the chromatogram Al pha-tocopherol has a
retention tinme of 9.2 mnutes and al pha-tocopherol acetate

follows at 12.6 m nutes.

Tabl e 3

Retenti on Data of Tocopherols on C18 Colum at a Fl ow Rate

of 2 mL /7 mn.

| somrer Retention Tine (min.)
Bet a- t ocopher ol 8.0
Gamma- t ocopher ol 8.0
Al pha-t ocopher ol 9.2

Al pha-t ocopherol acetate 12.6
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Preci si on of the Mt hod

A standard Fi sher Di agnostics SeraChem Control Serum
(Human) Level -1 sanple was run six tinmes for al pha- and
ganma- t ocopherol concentrations. The mean (;), st andar d
deviation (SD), and the coefficient of variation (CV), were

cal cul ated and the results displayed in Table 4
Tabl e 4

Preci sion of the Method for Al pha-tocopherol (mg/L)
and Ganma- t ocopherol (mg/L) by HPLC (Day to Day)

| sonmer n £ SD CV_ (%)
Alpha-tocopherol 6 12.2 0.30 2.5
Gamma-tocopherol 6 1.31 0.07 5.7

Recovery of Al pha-tocopherol and Gamra-t ocophero

The per cent recovery for al pha-tocopherol and
ganma- t ocopherol was determined on five sanples. Five
sanples run previously for al pha-tocopherol were spiked with
al pha- t ocopherol and chronat ogr aphed. The  anount of

al pha- t ocopherol added and found is noted in Table 5 al ong



with the percent recovery. Five sanples run previously for
gaana-t ocopherol were spiked wth ganma-tocopherol and
chr omat ogr aphed. The anount of gamra-tocopherol added and
found is noted in Table 5 along with the percent recovery.

The percent recovery for al pha-tocopherol varied from
95.4 X to 103 % and conpared favorably to the percent
recoveries reported by Catignani (17). catignani reported
recoveries that ranged from 94.0 % to 116 € for
al pha- t ocopher ol . The nean recovery for a-tocopherol for
this thesis was 98.7 %.

The percent recovery for gamma-tocopherol varied from
91.8 ¥ to 111 X The recovery for gamma-tocopherol displayed
a larger percent range when conpared to al pha-tocopherol.
This difference could be explained by the lower nolar
absorptivity of gamma- t ocopherol as conpared to al pha
t ocopherol . The nmean recovery for gamma-tocopherol was 101

f.

dinical Studies

Det erm nati ons of a-tocopherol and ¥Y-tocopherol were
perfornmed by HPLC on the plasna of el even sickle cell and
el even normal individuals. A typical chromatogram of the
plasma of a nornmal individual is displayed in figure 8 A
typi cal chromatogramof the plasma of a sickle cell patient

Is displayed infigure 9. The three relevant peaks present
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TABLE 5

ANALYTICAL RECOVERIES OF ADDED o{~TOCOPHEROL AND y~TOCOPHEROL (n=3)
SAMPLE CONCENTRATION CONCENTRATION ADDED RECOVERY
IN PLASMA (mg/L) ADDED (mg/L) CONCENTRATION PERCENT

FOUND (mg/L)

o(~-TOCOPUEROL,

20FS 5.88 7.18 7.39 103
19FN 9.33 7.18 6.96 96.9
24FS 7.71 7.34 7.39 101
24MS 4,00 7.34 7.00 95.4
24FN 8.20 7:23 7.01 97.0

Y -TOCOPHEROL

24FN 1.00 8.62 9.58 111
23M3 4,37 8.62 7.91 91.8
24MS 1.62 8.62 8.38 97.2
24FS 3.77 8.62 9.10 106

20FS 4,31 8.62 8.50 98.6



Absorbance

0.01

0.005

o 2 4 6 8. 10 12 14
Minutes

Figure 8. HPLC chromatogram of the plasma of a five

year old normal male at 280 nm.

Peaks: (1) ¥ -tocopherol. (2) &-tocopherol.
(31.4.-tocopherol acetate.



o ¥
)
!
S 3
[2+] 2 s
= o
- &
A
<
2
- } |
. "
' ' i 1 T 13 ' ' | r | i ‘
0 2 4 6 8 1Q 12 14

Minutes

Figure 9. HPLC chromatogram of the-plasma of a twenty
five year old sickle cell patient at 280 nm.
Peaks: (1) v —tocopherol. (2) « -tocopherol.

(3) ¥ -tocopherol acetate.
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in each chr omat ogram correspond to a- t ocopherol ,

¥-tocopherol, and a-tocopherol acetate.

The anount of a-tocopherol and y-tocopherol in each
of the el even plasnma sanples of the sickle cell patients were
determned and the results found are displayed in Tabl e 6.
The results are arranged according to age, with the youngest
patient first. The amount of a-tocopherol and f-tocopherol
in each of the el even plasma sanples of the normal patients
were determned and the results found are displayed in Table

7. The results are arranged accordi ng to age.

According to the data in Table 6, ten of the eleven
sickle cell plasna sanples had a-tocopherol |evels of |ess
than five mg/L. According to the data in Table 7, ten of the
el even nornal plasma sanpl es had a-tocopherol |evels higher
than five mg/L. A level of a-tocopherol of five mg/L or
lower is associated with a deficiency of vitamn E that can
lead to an increased state of erythrocyte henolysis by
hydr ogen peroxi de attack on the red cell nenbrane (4).

According to the data in table 6, the 1-tocophero
levels in the plasnma of the sickle cell patients ranged from
1.23 to 4.31 mg/L. Fromtable 7, the f-tocopherol levels in
t he plasma of the normal individuals ranged from1.00 to 2.79
mg/L. The J-tocopherol range for the plasnma of the sickle

cell patients was found to be higher than the range for the
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TABLE 6

THE AMOUNT OF o~TOCOPHEROL ANDY-TOCOPHEROL IN PLASMA OF SICKLE CELL PATIENTS (N=11)

SAMPLE ¥ CONCENTRATION CONCENTRATION TOTAL CONC. PERCENT PERCENT

o(~TOCOPHEROL ¥ ~TOCOPHEROL TOCOPHEROLS o{ ~TOCOFHEROL Y ~-TOCOPHEROL

(mg/L) (mg /L) (mg/L) IN TOTAL IN TOTAL
02FS 4,42 1.23 5.65 78.2 21.8
04MS 4,32 1.25 5.57 77.6 224
07MS 4,39 2.30 6.69 65.6 34.4
16FS 3.58 2.30 5.88 60.9 39.1
19MS 3,92 1.69 5.61 69.9 30. 1
20FS 5.88 4.31 10.2 57.6 42.4
23Ms 4,37 2.45 6.82 64.1 35.9
24FS 771 3.77 11.5 67.2 32.8
24MS 4,00 1.62 5.62 712 28.8
25FS 4,89 2.75 7.64 64.0 36.0
28FS 4,28 1.78 6.06 70.6 29.4

*

NUMBER INDICATES AGE; F, INDICATES FEMALE; M, INDICATES MALE; S, INDICATES SICKLE CELL,
SAMPLES RUN IN TRIPLICATE
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TABLE 7

THE AMOUNT OF o(~TOCOPHEROL AND Y-TOCOPHEROL IN PLASMA OF NORMAL PATIENTS (N=11)

SAMPLE * CONCENTRATION CONCENTRATION TOTAL CONC. PERCENT PERCENT
o{~TOCOPHEROL X -TOCOPHEROL TOCOPHEROLS K ~TOCOPHEROL X -TOCOPHEROL
(mg/L) (mg/L) (mg/L) IN TOTAL IN TOTAL
O3MN 6.94 1.50 8.44 82.2 17.8
O5MN Die &7 0.96 6.23 84.6 15.4
06MN 5.98 1.69 7.67 78.0 22.0
0O8MN 8.59 1.07 9.66 88.9 11.1
12FN 4,79 1,78 6.57 72.9 27.1
15FN 5.36 1.58 | 6.94 77.2 22.8
19FN 9.33 2,27 11.6 80.4 19.6
20FN 6.58 2.10 8.68 75.8 24,2
21MN 6.00 1.34 7.34 81.7 18.3
24FN 8.20 1.00 9.20 89.1 10.9
27MN 6.88 2.79 9.67 71.1 28.9

* NUMBER INDICATES AGE; F, INDICATES FEMALE; M, INDICATES MALE; N, INDICATES NORMAL.
SAMPLES RUN IN TRIPLICATE



}-tocopherol of the nornmal plasna

A statistical t test (75) was performed on the
popul ati on data of the a-tocopherol and Y¥-tocopherol results
for the sickle cell and nornmal plasnma sanples. The t test
was perforned to conpare the neans of the a-tocopherol
results of the sickle cell and normal plasna sanples with the
intent of determning if a statistical difference exists
between the neans. The t test was also performed to conpare
the means of the J-tocopherol results of the sickle cell and
normal plasma sanples with the intent of determ ning whether
a statistical difference exists between those nmeans. The t
test was al so perfornmed on the total tocopherol results for
the sickle cell and nornal plasnma sanpl es.

The nean (X) and standard deviation (s) for
a-tocopherol for the el even plasna sanpl es of the sickle cel
patients and the eleven plasnma sanples of the nornal

i ndi vidual s were cal cul ated and are di splayed in Table 8.

Tabl e 8

Statistical Analysis of a-Tocopherol using the t Test

Sickle Cell Pl asna Nor nral Pl asma
X, = 4.71 X, = 6.72
s, = 1.16 S, = 1.46

]
[y
[y

n, = 11 h o P
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The t test was performed on the data and t was found
to be 3.575. For a probability of 95%(p = 0.05) and twenty
degrees of freedom t found fromthe t-table was 2.09 (75).
Fromthe t test, a 95%certainty of a real difference in the
sanpl e nmeans exi sts between the a-tocopherol of the plasma of
the sickle cell patients and the a-tocopherol of the plasna
of the normal individuals.

The mean and standard devi ation for }-tocopherol for
the el even pl asnma sanples of the sickle cell patients and the
el even plasma sanples of the normal patients were cal cul at ed

and are displayed in Table 9.

Tabl e 9

Statistical Analysis of J-Tocopherol using the t Test

Sickle Cell Plasma Normal Pl asma
oy -y

X, = 2.31 X, = 1.64

s, = 0.989 s, = 0.571
n1=11 n2=11

The t test was performed on the ¥-tocopherol data and
t was found to be 1.95. For a probability of 95%(p = 0.05)
and twenty degrees of freedom , t found fromthe t-table was
2.09. Fromthe t test, the probability that a significant

statistical difference exists between the neans of the



¥-tocopherol in the plasm of the sickle cell patients and
the J-tocopherol in the plasma of the normal patients was
i nconcl usive. The probability that a significant statistical
di fference exists for the nmeans of the total tocopherols for
the sickle cell patients and the normal individuals was found
to be inconclusive fromthe t test.

The statistical conparison of the neans for the
ganma- t ocopherol plasma |evels between the sickle cel
patients and the normal individuals was insignificant.
However, from table 6 and table 7 the percent of
ganme- t ocopherol in the total tocopherols in the plasma of
the sickle cell patients varied from22 to 42 percent while
t he gamma-tocopherol percent in the total tocopherols in the
plasma of the normal individuals varied from 11 to 29
per cent. From this data, the  percent range  of
gama- t ocopherol in sickle cell patients is higher than the

percent range in normal individuals.



CHAPTER WM

CONCLUSI OHS

A reviewof the literature indicates that vitamn E
In biological materials can be determined by Colorinetric,
Gas Chromat ogr aphi ¢, and HPLC net hods. The HPLC net hod whi ch
is the least tine consum ng and enbodi es good sensitivity
with few interferences evolved as the nethod of choice. The
reverse phase HPLC nethod for determ ning a-tocopherol in
pl asma enpl oyed a UV detector set at 280 nm The sensitivity
of the HPLC nethod to determ ne a-tocopherol can be enhanced
20 times by enploying a fluorescent detector

Vitamn E studies on sickle cell patients has Iled
some investigators to conclude that a difference in
a-tocopherol |evels in plasnma between sickle cell and nornal
i ndividuals does not exist (16). However, results of
a-tocopherol levels fromthis paper and results fromChiu et
al (9), and Natta et al (10) have denonstrated that a
significant difference in a-tocopherol plasma |evels between
sickle cell and normal individuals does exist. The sickle
cell patients' plasnma averaged 2 mg/L | ess a-tocopherol than
t he normal individuals' plasma according to results fromthis
st udy.

From this study, a statistical t test was performed



with a 95% confidence level and the t test denonstrated that
a difference exists between the neans of the a-tocopherol
levels in the plasma of the sickle cell and nornal
i ndi vi dual s. The t test was inconclusive in denonstrating a
di ff erence between the nmeans for J-tocopherol levels in the
pl asma of the sickle cell and norrmal individuals. The t test
was also inconclusive in denonstrating a difference between
the nmeans for total tocopherols (a+p+f) in the plasnma of the
sickle cell and normal individuals. Since the biological
activity of d-a-tocopherol, which is 1.49 International Units
per mlligram (IU/mg), is much hi gher than the biologica
activity of d-)/-tocopherol which is unofficially listed as
0.15 IU/mg (76), the d-a-tocopherol isoner is considered the
nost inportant in biological activity and in conparison of
the nmeans for the t test. The unofficial biological activity
of the d-$-tocopherol isomer is listed as 0.75 1IU/mg.
However, since the anount of d-$-tocopherol in nornmal adult
plasma i s about 2% (2), the d-$-tocopherol isonmer has little

significance for conparison of the means.

Sickle cell anema, being a hereditary disease, is
associated with a genetic defect. | ndi vi dual s suffering
from genetic defects nust struggle with the synptons, since
in nost cases they cannot be cured. Attenpts to treat
individuals with sickle cell disease have focused primarily

on reducing the debilitating synptonms of those affected.



Since a deficiency in a-tocopherol plasma levels in
sickle cell anem a patients exists, a program i nvolving the
adm nistration of vitamn E to sickle cell patients should be
i nvest i gat ed. Such a program would involve a long term
study of several years or nore and probably woul d only be
beneficial if the vitamn E was admnistered early in the
life of the sickle cell patients. Such a program woul d
i nvol ve consi derabl e expense, tine, and cooperation of a
| arge nunber of peopl e. The object of the program woul d be
to prolong the life of persons suffering from sickle cel
anem a. G ven the multitude of problens such a study woul d
entail, it is apparent why no persons to date have enbraced a
long termvitamn E adm nistration program for sickle cel
anem a patients. Such a programshoul d be undertaken, since
a good chance exists that admnistration of vitamn E to
sickle cell patients could be beneficial.

A short term study of vitamn E adm nistration has
been conducted by C L. Natta et al (10). This short term
study of 35 weeks involved daily vitamn E adm nistrationto
sickle cell anemia patients who consequently displayed a
significant decrease in the nunber of irreversibly sickled

cells detected in their plasna.

Another area of future study should involve the
determnation of vitamin E in red blood cells. Red blood

cells are considered a better indicator of vitamn E
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nutritional status than plasma since plasma vitamn E is
affected by total lipid concentration in the blood while
erythrocyte vitamn E levels are essentially unaffected (77).
In conclusion, the HPLC nethod developed for the
determ nation of vitamn E in plasma is resonably fast and
accurat e. The plasma a-tocopherol level in sickle cel
anem a patients was found to be significantly [|ower when
conpared to the plasma a-tocopherol level in normnal

i ndi vi dual s.
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