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ABSTRACT 

DETEWIWTIW OF VITAMIN E ISOMERS IN ERYTHROCYTES AND P L A W  BY 

HIGH P E R F O ~ C E  LIQUID CHR~TOORAPHY : A COMPARI SI ON OF N O ~ L  

CYJD SICKLE CELL PATIETNTS' LEIIELS 

Darlene A. Vasbinder 

Master o f  Science 

Youngstown State Uniuersi ty, 1987 

T h i s  thes is  ~ Q S C ~  ibes the development and evaluat ion o f  a 

High Performance L i q u i d  Chromatography procedure f o r  the 

determination o f  the isomers o f  v i tamin E i n  r e d  blood c e l l s  and 
- 

plasma o f  humans. Vitamin E i s  a fa t- so lub le  vitamin, known t o  

have a p ro tec t i ve  r o l e  as an ant iox idant .  Various procedures f o r  

v i tamin E determination i n  the l i t e r a t u r e  were s tud ied and 

evaluated in '  t h i s  research. The method developed -"as a 

canbinat ion o f  several HPLC methods c u r r e n t l y  i n  use, and was 

evaluated f o r  1 inear i t y ,  reproducibi  1 i t y  (both w i t h i n  run and 

between-run) , and prec is ion .  I n  addi t ion, recovery s tud ies  were 

a l so  performed f o r  alpha- and ganuna-tocopherol . 
- 



The isomeric forms of vitamin E were quantitated in both 

the red blood cells and plasma as alpha, beta plus gamma, and 

delta. In addition to this quantitation, a comparision was made 

between the levels in normal patlents and the levels in patients 

hornozygous for Sickle Cell Disease. Var ious stat i st i cal 

parmeters were used for th i s canprehensi ve c m p a r  i si on. The 

rosul ts of t h ~  study show that significant differences do i n d ~ e d  

exist b~tween normal individuals' and Si  cKle Cell Di sease 

patients' red blood cell gama-tocopherol and both alpha-and total 

tocopherol in the plasma. Suggestions for further work are also 

discussed. 
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CWPTER I 

INTRODUCTI IWJ 

A. Def i n i t i  on and St ructure of the Four Natural  1 Y Occurr i nq  
Toco~hero l  s 

Vitamin E was recognized as an essent ia l  n u t r i e n t  as a 

r e s u l t  of  the s tud ies  o f  Evans and Bishop (1). S t ruc tu ra l l y ,  the 

tocopherols cons is t  of a heterocycl  i c  chramanol r i n g  w i t h  a 

16-carbon a l i p h a t i c  s ide chain. The n a t u r a l l y  occurr ing 

tocopherols alpha, beta, g m r ,  and d e l t a  tocopherol, d i f f e r  i n  

the number and pos i t i on  o f  the methyl groups on the chrananol 

r i ng ,  as shown i n  Figure 1 on the f o l  l m i n g  page. Th i s  s t ruc tu re  - 

i s  a disguised version of a 1,4-dihydroquinone i n  which one o f  the 

hydroxyl groups has been converted t o  an ether.  I t  a l so  resembles- 

Coenzyme Q and may be involved w i t h  t h i s  enzyme i n  mi tochondr i a l  

oxidat ion.  

- - 
8. Occurrence 

4-Tocopherol i s  the predominant isaner i n  plasma, t issues, 

and r e d  blood c a l l s .  I n  human t issues, app rox ima t~ l y  88% of the 

t o t a l  v i tamin E i s  d-d tocopherol, ZC d-3 - tocopherol, and ID% d d  
- 

- tocopherol . $-tocopherol i s  present i n  extreme1 y small 

q u a n t i t i e s  (2).  



Since humans are unable to synthesize this ui tamin, they 

must rely on external sources such as vegetable oils, nuts and 

seeds, green 1 eaf Y uege tab1 el, egg yo1 ks, 1 egumes, and margarine. 

The adult daily requirement i s  8 rag for women and 10 mg for men, 

as giv~n by the Food and Nutrition Board, but it may be as little 

as 5 mg. or as much as 30 mg. (1). 

Fiaure 1. STRUCTURE OF TOCOPHEROL 

Compound R1 :: 

4-Tocopherol 

g- Tocopherol 

1- Tocopherol 

$-Tocopherol 

C. Metabolism 

Tocopherol is one of the fat-soluble vitamins and like 

other vitamins of the same classification, its absorption, 

transport, storage and metabolism are only partially understood. 



Absorption of t h i s  vitamin may be re la ted  t o  the absorption of 

i n tes t i na l  f a t .  As much as 40% of tocopherol that i s  ingested i s  

absorbed and t h i s  percentage i s  af fected by the amount of 

unsaturated d ie ta ry  f a t  (3) . As tocopherol i s  absorbed, i t  i s  

associated w i th  c i r c u l a t i n g  chylomicrons and very 1- densi tr 

l i p o p r o t r i n s  (VLDL) and eventual ly w i th  other l ipoprote ins.  

Absorbed vitamin E i s  found c h i e f l y  i n  adrenal t issue (4) and next 

i n  adipose t issue, although increased d ie ta ry  intake increases the 

concentration found i n  a1 1 t issues inc luding the plasma, 

erythrocytes and p la te le ts .  

D. Function 

The exact r o l e  o f  v i tamin E i n  b io log ica l  processes 

remains controversial  . The descr ipt ion best agreed upon by 

biochemists establishes t h i s  vitamin as an ant ioxidant,  p ro tec t ing-  

unsaturated l i p i d s  from peroxidation. By combining w i th  f r e e  

rad i ca l s  t o  form a r e l a t i v e l y  stable hydroquinone, v i  t w i n  E 

prevents ox idat  ive damage t o  1 ip  i d  membranes. This  suggest-e-d r o l e  

f o r  the tocopherols provides an explanat ion f o r  the hemolysir that  

occurs i n  the anemia associated w i th  vi tamin E def ic iency and f o r  

the s e n s i t i v i t y  0-4 r ed  blood c e l l s  t o  substances such as peroxide 

and i ron  ( F Q + ~ )  that are capable of cata lyz ing or inducing 1 i p i d  

peroxidation. I t  has a lso been suggested that vitamin E i s  a 
- 

s t ruc tura l  component of b io log ica l  membranes (1 ) .  



Vitamin E has been shown t o  i n h i b i t  p l a t e l e t  aggregration 

( 5 , 6 ) ,  I n  addi t ion,  i t  has been shown t o  a f f e c t  s p e c i f i c  

func t ions  o f  the mitochondrion, suggesting a r o l e  i n  the e lec t ron  

t ransport  chain, Other proposed r o l e s  include the s lowing of the 

aging process, enhanced a t h l e t i c  abi 1 i ty, increased sexual 

endurance, prevent ion o f  heart  condi t ions,  and a r o l e  i n  drug 

metabolism (3). I n  sumary,  the r o l e  o f  t h i s  v i tamin i n  

p ro tec t i ng  the ery throcyte  b io l og i ca l  membranes from oxidant 

s t r ess  i s  p resen t l y  the major r o l e  o f  the v i tamin i n  human 

physi o l  ogy. 

. C l i n i c a l  Doi ic iency 

Vi tamin E def ic iency i s  r a r e  i n  man, probably due i n  p a r t  - 

t o  the wide d i s t r i b u t i o n  o f  t h ~  v i tamin i n  foodstuf fs .  Those 

d i e t s  h igh i n  polyunsaturated f a t t y  ac ids (PUFA) increase the - 

body's need f o r  v i tamin E. Hcwever, even w i t h  t h i s ,  the v i tamin 

i s  exceptional 1 y we1 1-stored. One study showed adul t men 

experienced no snnp tmr  o f  anemia a+ t e r  three years on a de3ic ient  

regimen (73. 

I n  premature in fants ,  v i tamin E de f i c iency  has been 

r e l a t e d  t o  hemolyt ic anemia. As a r e s u l t ,  such i n f a n t s  are giuen 

supplements o f  v i tamin E. T h i s  def ic iency associated anemia 

f u r t he r  r e l a t e s  the v i tamin t o  a r o l e  i n  the maintenance o f  - 

membrane i n t e g r i t y .  



A l l  known cases i n  humans o f  v i t am in  E d e f i c i e n c y  are 

apparent ly  due t o  defec t ive  l i p i d  absorpt ion or  t ranspor t  r a t h e r  

than due t o  reduced d i e t a r y  in take.  A t  the present t ime, 

assessment o f  v i tamin  E s t a t u s  i s  i n d i c a t e d  i n  the premature 

i n f a n t  and i n  those a d u l t s  r e c e i v i n g  syn the t i c  d i e t s .  The c l a s s i c  

s igns  o f  v i t am in  E def ic iency  inc lude c r e a t i n u r i a ,  muscle 

weakness, c e r o i d  deposi t ion,  increased serum c rea t ine  

phosphok inase and subnormal l e v e l s  o f  tocopherol i n  the serum (3). 

F. T o x i c i t y  

Toxic e f f e c t s  suggested f o r  humans inc lude i n h i b i t i o n  o f  

p ros tog land in  synthesis, decreased p l a t e l e t  aggregation, 

p o t e n t i a t i o n  o f  coagulopathy ( f rom v  i tamin K def i c  iency) , weakness - 

and f a t i g u e  w i t h  c r e a t i n u r i a ,  i n h i b i t i o n  o f  f i b r i n o l y s i s  and 

impaired wound heal i n g  ( 3 ) .  

G .  Overview o f  S i ck le  Ce l l  Anemia 

- - 

S i c k l e  c e l l  anemia was f i r s t  descr ibed by a  Chicago 

phys ic ian ,  James Her r ick ,  i n  1910 (8). The p a t i e n t  whose case 

h i s t o r y  he descr ibed was a  twenty-year-old b lack male from the 

West I n d i e s  who presented w i t h  most o f  the c l a s s i c  c l i n i c a l  and - 

hematologic fea tu res  o f  the disease. Since t h i s  f i r s t  

documentation o f  the disease, much a d d i t i o n a l  in format ion  has been 

gained . The i n t e n t  o f  t h i s  paper i s  t o  f u r t h e r  c o n t r i b u t e  t o  



t h a t  body o f  in format ion  c u r r e n t l y  a v a i l a b l e  regard ing  the v i t am in  

E l e v e l s  i n  the e ry th rocy tes  and plasma o f  these p a t i e n t s  i n  

comparision t o  normal p a t i e n t s .  T h i s  i s  p a r t  o f  an e f f o r t  t o  

f u r t h e r  e luc ida te  a  poss ib le  mode o f  treatment f o r  the v i c t i m s  o f  

t h i s  disease. 

Short1 y  a f  t e r  the pub1 i c a t  ion  o f  Herr i ck 's  case r e p o r t ,  

other cases o f  t h i s  disease were found. Indeed, i t  was found t h a t  

t h i s  disease was not a  r a r e  occurrence. The incidence o f  s i c k l e  

c e l l  anemia among h e r  i can b lacks  i s  about f o u r  per thousand (9) .  

I n  the past ,  s i c k l e  c e l l  anemia was associated w i t h  a  h igh  

f a t a l i t y  r a t e ,  o f t e n  before the age o f  t h i r t y .  Death u s u a l l y  

r e s u l t e d  from i n f e c t i o n ,  rena l  f a i l u r e ,  card iac f a i l u r e ,  

thrombosis (bone marrow and f a t  embol i) ,  shock, compl ica t ions  i n  

the c e n t r a l  nervous system, tubercu los is ,  or  from sa rco idos is  

( 1 0 ) .  

The abnormally shaped e ry th rocy tes  become trapped i n  the 

small b lood vessels, impa i r ing  c i r c u l a t i o n  and r e s u l t i n g  i n  damage - 

t o  the organs, especial  1  y the kidneys. The r e s u l  t a n t  hemol y s i s  o f  

the c e l l s  causes them t o  have a  much shor ter  l i f e s p a n  than normal 

r e d  b lood c e l l s .  Such hemolysis r e s u l t s  i n  anemia t h a t  may -v-ary 

i n  s e v e r i t y ,  punctuated by c r i s e s  i n  which the r a t i o  o f  ' s ick led '  

e ry th rocy tes  t o  normal e ry th rocy tes  i s  extremely h igh .  I t  i s  

du r ing  such t imes t h a t  the p a t i e n t  may go i n t o  shock as a 

consequence o f  the anemia. S i c k l e  c e l l  pa t i en ts '  mean hemoglobin 

value i s  7.5 g/dL w i t h  a  range o f  5.5-9.5 g/dL (1) .  T h i s  i s  

approx imatel Y one ha1 f o f  the normal vat ues ( 1  1) .  (See Tab1 e 1.) 



I t  must be emphasized that  "normaln i s  an a r b i t r a r y  t e r m  and that  

i n  any study of  "normal" subjects, a f e w  who may not be t r u l y  i n  

per fec t  heal th  are l i k e l y  t o  be included. 

Tab1 e 1. Adu 1 t Normal Val ues 

Red c e l l  count 

(mi 11 i on/m3) 

Hemoglobin S.D. 

(Mean) 

Adul t  White Male 4.2-5.4 

Adul t  White Female 3.6-5.0 

Adul t  Black Male 3.8-5.2 

Adul t  Black Female 3.1-4.5 

Sick le  c e l l  anemia i s  gene t i ca l l y  t ransmi t ted and those - 

pa t i en t s  tha t  are homozygous f o r  the abnormal gene e x h i b i t  the 

disease. The abnormal gene i s  located on one o f  the autosomal 

chranosomes. Those o f f s p r i n g  tha t  rece i ve on1 Y one abnormal gene 

and a normal a l l e l e  are ha te roz~gous  and have what i s  known as 

s i c k l e  c e l l  t r a i  t .  These i nd i v i dua l s  general l y  are rsmptana t  i c .  

S ick le  c e l l  t r a i t  and anemia have been found almost e n t i r e l y  i n  

the black race. The incidence o f  the t r a i t  va r i es  i n  d i f f e r e n t  

p a r t s  o f  the world, but  i s  about 5R' i n  American blacks. S ick le  - 

c e l l  anemia has a frcquancy of  about one f o r t i e t h  tha t  o f  the 

t r a i t  (12). Approximately 1% o f  the r e d  c e l l s  i n  heterozrgotes' 



venous c i r c u l a t i o n  are s i ck led ,  i n  cont ras t  t o  about 50% i n  a 

homozygote ( 9 ) .  

I n  hemoglobin S, the amino acid,Glutamic Acid, i n  the 

s i x t h  p o s i t i o n  i n  the Beta chain i s  rep laced by Va l i ne .  T h i s  

change occurs on the outer  surface o f  the molecule, changing i t s  

charge and e lec t rophore t i c  m o b i l i t y  (10).  The exact l o c a t i o n  o f  

t h i s  a1 t e r a t i o n  i s  the amino-terminal t r y p t i c  pept ide  o f  the beta  

chain.. Ingram's determinat ion o f  the sequence o f  t h i s  pept ide i s  

shown below (91. 

Figure 2. Hemoglobin Sequence i n  Normal and S i c k l e  Hemoglobin 

Hemogl obi n  A: Val -Hi s-Leu-Thr-Pro-m-Gl u - i ys  

Hemoglobin S: Val -Hi s-Leu-Thr-Pro-Val-Gl u-Lys 

The deoxyhemoglobin S  forms f i b r o u s  p r e c i p i t a t e s  t h a t  

deform the r e d  c e l l s ,  r e s u l t i n g  i n  t h e i r  s i c k l e d  shape. Two types 

of f i b e r s  have been seen by e lec t ron  microscopy: one f i b e r  w i t h  a 
- - 

diameter of  17  nm and, more f requen t l y ,  one w i t h  a  diameter o f  

21.5 nm. The more prevalent  p r e c i p i t a t e  i s  a  four teen stranded 

he1 i x  b u i l t  f rom ten ex terna l  and fou r  i n t e r n a l  hemoglobin S 

molecules. I n  t h i s  he1 i x ,  each hemoglobin S  molecule makes 

contact w i t h  a t  l e a s t  e i g h t  others.  T h i s  f i b e r  i s  s t a b i l i z e d  by 
- 

m u l t i p l e  i n te rac t i ons :  one i n v o l v i n g  v a l i n e  6 o f  the beta  chain 

t i p s  the thermodynamic balance o f  the deaxygenated s t a t e  toward 

f i b e r  format ion.  The format ion o f  deoxyhemoglobin S  f i b e r s  i n  a  



r e d  c e l l  i n  c a p i l l a r y  c i r c u l a t i o n  takes about a second ( 9 ) .  The 

process o f  s i c k l i n g  i s  r eve rs i b l e  when the hemoglobin i s  

reoxygenated. However, upon repeated cyc les o f  s i c k l i n g  and 

uns ick l  ing, the r e d  c e l l  membrane becanes damaged and no longer 

permi ts  the c e l l  t o  r e t u r n  t o  a biconcave shape. These c e l l s  are 

then termed i r r e v e r s i b l y  deformed c e l l s  and are c a l l e d  

i r r e v e r s i b l y  s i c k l e d  c e l l s  (ISCs) (13). 

Cel l u l a r  breakdwn has been re1 ated t o  peroxidat  ive 

reac t ions  (14). C i r c u l a t i n g  r e d  b lood c e l l s  are p a r t i c u l a r l y  

suscept ib le t o  perox idat ive damage because the membranes o f  these 

c e l l s  are r i c h  i n  polyunsaturated f a t t y  acids. These c e l l s  are 

con t i nua l l y  exposed t o  high oxygen tensions, and the c e l l s  contain 

hemoglobin, one o f  the most powerful ca ta l ys t s  f o r  the i n i t i a t i o n  

o f  perox idat ive react ions.  Normal r e d  c e l l s  are protected i n  v i v o  

by e f f i c i e n t  ant iox idant  mechanisms. These include the f o l l ow ing  

defense mechanisms: superoxide dismutase, g lu ta th ione peroxidase, 

catalase, and v i tamin E. A f a i l u r e  o f  any of  these may render t h e -  

ery throcyte  more suscep t i b l  e t o  perox i dat i ve damage and eventual 1 y 

lead  t o  i t s  demise . 
Chiu s t  a1 (14) observed tha t  a major d i s t o r t i o n  of- the 

r e d  c e l l  shape occurred upon s ick1 i n 9  and t h i s  ind ica ted  a l oss  o f  

s t r u c t u r r l  i n t e g r i t y  tha t  was perhaps due t o  an increased 

suscept ib i  1 i t y  o f  s i c k l e d  ery throcytes t o  peroxidat ion.  Thei r  

study confirmed t h i s  and demonstrated tha t  membrane phosphol ip id 

reorganizat ion occurs dur ing  t h i s  s i c k l i n g  process w i t h  an 

increased quant i t y  o f  phosphatidylethanolamine and 

phosphat i dy l se r i ne  exposed t o  the outer 1 i p i d  b i  layer .  They f e l t  



tha t  i t  was conceivable f o r  such abnormal membrane phosphol i p i d  

organizat ion t o  render s i c k l e  c e l l s  more suscept ib le t o  l i p i d  

peroxidat  iue damage. 

However, t h i s  same study revealed tha t  increased 

suscept i b i  1 i t y  t o  perox idat ion was not  e n t i r e l y  due t o  abnormal 

membrane l i p i d  a s ~ m m e t r ~ .  They found tha t  even under oxygenated 

condi t ions,  s i c k l e d  ery throcytes are s t i l l  more suscept ib le t o  

1 i p i d  perox idat ion than are normal r e d  blood c e l l s .  Chiu e t  a1 

(14) f e l t  t ha t  t h i s  suggested an abnormali ty i n  the ant iox idant  

system and the add i t iona l  abnormali ty was i d e n t i f i e d  as low serum 

l e v e l s  o f  v i tamin E a  

Shohet and Ja in  (15) have fu r t he r  demonstrated tha t  s i c k l e  

hemoglobin when autooxidized, produces uar ious ox ida t ion  products 

tha t  a f f e c t  membrane f a t t y  ac ids and produce malonyldialdehyde 

(MDA), a f i n a l  product o f  membrane l i p i d  peroxidat ion.  The cross - 

l i n k i n g  of  phosphatidylserine and phosphatid~lethanolamine w i t h  

malon~ld ia ldehyde i s  shown on the f o l l ow ing  page. - 



Figure 3. Cross- linked L i p i d  Adduct 

C-R R-C 
1 I 
C-R R-C 
I r---- f r- --- 1 I 
C-P-O-CHZ-p-Ntl2 L----..- + ~ H - C H ~ - H & O  + Hy-CH-CH2-0-P-C 

C-, , 

COOH 

PHOSPWTI DYLSERINE PWLOCJYLDI ALDEHYDE PHOSPHAT I DYLETHANOLAMINE 

Since u i tamin E has a r o l e  i n  moderating perox idat iue 

reac t ions  i n  b i o l og i ca l  systems, i t  was expected tha t  more o f  the 

above adduct would be found i n  condi t ions w i t h  decreased r e d  blood 

c e l l  v i tamin E. At l eas t  w i t h  regard t o  s i c k l e  c e l l  anemia and 
- .  

i r on  de f i c iency  anemia, t h i s  group found t h i s  t o  be the case (15). 

Thus, t h i s  cross-1 inked 1 i p  i d  may p lay  same r o l e  i n  the 

physiologic abnormal i t i e s  of the s i c k l e d  ery throcytes seen i n  

s i c k l e  c e l l  anemia. Once again, reduced vi tamin E l e v e l s  were 

associated w i t h  t h i s  Beta hemo~lobinapathy. 

Mino e t  a1 (16) showed tha t  the hemolysis occurr ing- in  r e d  

blood c e l l s  may be more d i r e c t l y  r e l a t e d  t o  the tocopherol leue l  

i n  r e d  blood c e l l o  than i n  plasma. They a l so  demonstrated tha t  

the t ranspor ta t  ion o f  tocopherol from plasma t o  r e d  blood c e l l  

membranes increased when the tocopherol concentrat ion i n  plasma 

1 i p i d r  increases. The work o f  t h i s  group f u r t he r  con+ irms an 

associat ion between v i tamin E l e v e l s  and r e d  blood c e l l  i n t e g r i t y ,  

but proceeded t o  suggest t ha t  the r e d  blood c e l l  l eve l  o f  the 



v i tamin was more important than the plasma l eve l  i n  determining 

t h i s  i n t e g r i t y .  

Na t ta  e t  al(17) found that  the l e v e l s  o f  tocopherol i n  

plasma +ran s i c k l e  c e l l  anemia pa t i en t s  were law. Th i s  co r re la tes  

w i t h  other research prev ious ly  mentioned. However , t h i s  group 

proceeded one step f u r t h e r  and observed changes i n  the number of 

c i r c u l a t ~ i n g  1SCs i n  s i c k l e  c e l l  pa t i en t s  a f t e r  d a i l y  treatment 

w i t h  450 I.U. of v i tamin E . The r e s u l t s  o f  t h e i r  work showed 

tha t  t h i s  admin is t ra t ion o f  v i tamin E reduced the number o f  

c i r c u l a t i n g  ISCs from mean values o f  2W. t o  11% w i t h  no change i n  

hemoglobin l e v e l s  (1%). Thus, the study by Nat ta  e t  a l .  suggested 

the parenteral  admin is t ra t  ion o f  v i tamin E as a  means t o  res to re  

the s i c k l e  c e l l  pat ients '  v i tamin E l e v e l  t o  normal and t o  

subsequently reduce the 1 eve1 o f  i r r e v e r s i b l y  s i c k l e d  r e d  c e l l s .  

Since membrane changes r e s u l t  i n  changes i n  the shape o f  the 

erythrocytes,  and s ince a l l  o f  the tocopherol i n  the ery throcyte  

i s  located i n  the membrane, t h i s  study f u r t he r  conf irrns tha t  
- 

v i tamin E l e v e l s  are i n t ima te l y  r e l a t e d  t o  membrane i n t e g r i t y  and 

t ha t  tocopherol apparently s tab i  1  i zes  the ery throcyte  membrane 

against ox ida t i ve  stress. 

- - 
The determination o f  tocopherol i n  the plasma and 

ery throcytes o f  normal i nd i v i dua l s  and s i c k l e  c e l l  disease 

p a t i e n t s  has been performed by several groups o f  researchers (19). 

The determination o f  4 -tocopherol i n  t issue, plasma, and 

ery throcytes can b~ performed by a v a r i e t y  of methods. 



H. Statement o f  the Problem 

The purpose of t h i s  research i s  t o  improve the ex i s t i ng  

f luorescent methods f o r  the detect ion of alpha, beta and gama, 

and de1 ta-tocopherol s i n  both the plasma and red  c e l l  s and 

subsequently, determine the level  of  these components i n  normal 

ind iv idua ls  and subjects known t o  have Sickle Cel l  disease. The 

basis f o r  t h i s  determination i s  from work previously done by 

Taylor, Lamden, and Tappel (20). The ext ract ion method developed 

by t h i s  group was used. The subsequent hexane ex t rac t  was 

in jec ted  i n t o  an IBM High Performance L iqu id  Chrmatograph and the 

isomeric components separated v i a  a Uaters' rad ia l  compression 

system using a reverse-phase Cl8 column recamended by the work of 

Janine Denis-Cook (21). Th is  system allows the separation o f  

alpha, beta and gama, and de l ta  tocopherol. Detect ion was then - 

performed w i th  f luorescent monitor ing a t  330 nm and the r e s u l t i n g  

analysis of  peak areas a l l w e d  quant i t a t  ion of the respective - 

isomers. The re ten t ion  times of the various peaks w e r e  determined 

by comparision w i th  known standards f o r  each of the tocopherol 

components. Quant i t a t  ion of  the peak areas then permi t t e d  
- - 

determination of the amounts of each cmponent i n  the pa t ien ts  red  

c e l l o  and plasma. 



CWPTER I I 

REUIEW OF THE LITERATURE 

Vi tamin E  i s  present i n  both the plasma and c e l l u l a r  

f r a c t i o n  o f  whole blood. Wi th in  the ery throcy te ,  the m a j o r i t y  o f  

t h i s  v i t am in  i s  found t o  be associated w i t h  the c e l l u l a r  membrane. 

Var ious l abo ra to ry  techniques have been used t o  assess the l e v e l  

o f  tocopherol i n  i t s  assor ted forms. I n  t h i s  presenta t ion ,  an 

overview o f  these methodologies w i l l  be discussed, w i t h  an 

emphasis on those methods tha t  u t i l i z e  High Performance L i q u i d  

Chromatography w i t h  accompanying f l uo romet r i c  de tec t i on .  

A. Ex t rac t  ion Methods f o r  Sample Preparat ion 

The determinat ion o f  tocopherol i n  b i o l o g i c a l  m a t e r i a l s ?  

i nc lud ing  r e d  b lood c e l l s ,  i n i t i a l l y  invo lves  the e x t r a c t i o n  o f  

l i p i d  m a t e r i a l s  from the sample. D i r e c t  e x t r a c t i o n  o f  the t o t a l  

1 i p i d  i s  general 1 Y accompl ished by s e l e c t i o n  o f  the proper 

so lvent (s ) ,  C m o n l y  used so lven ts  f o r  t h i s  stage o f  p repara t ion  

include ethanol ,  hexane, d i e t h y l  e ther ,  ch lo ro fo rdmethano l  and 

acetone, or  a  combination o f  the preceding so l ven ts  (22) .  



The next step i n  sample preparat ion i s  sapon i f i ca t ion  and 

i s  necessary t o  convert any tocopherol es te rs  t o  the f r ee  form and 

t o  remove f a t s  (espec ia l l y  t r i g l yce r i des )  and other i n t e r f e r i n g  

substances before analysis.  Bas ica l l y ,  a l l  methods requ i re  mix ing 

the sample w i t h  an appropr iate solvent (e.g., ethanol) and 

potassium hydroxide so lu t i on  f o r  va r iab le  times a t  s p e c i f i c  

temperatures. At  t h i s  po in t ,  most procedures introduce the use of 

an ant iox idant ,  e i t h e r  py roga l lo l  or ascorbic acid, i n  order t o  

e l  iminate the ox idat  ion o f  tocopherol tha t  occurs under a l ka l  ine 

condi t ions.  Heat ex t rac t ion  and sapon i f i ca t ion  ensure membrane 

degeneration and release of  the f r ee  tocopherol so tha t  maximum 

determination o f  tocopherol i s  achieved. 

The f i n a l  preparatory step i s  r eex t rac t i on  o f  the l i p i d s  
- .  

w i t h  a nonpolar solvent such as hexane. T h i s  i s  performed a f t e r  

sapon i f  i c a t  ion and the organic layer  thus i so la ted  i s  usual l~ 
- 

evaporated t o  dryness, w i t h  the r e s u l t i n g  residue then 

reconst i tu ted  wi t h  an organic solvent.  

- - 

B. Hi~h-Performance L i p u i d  Chromato~raohic Methods (HPLC) 

High Performance L i q u i d  Chromatography i s  a technique used 

t o  separate the components of a chemical mixture.  These so lu tes  
- 

are f i r s t  d issolved i n  a l i q u i d  solvent and then forced through a 

p a r t i c u l a r  chromatographic column under h igh pressure (23). The 

separation of the chemical mixture occurs as a r e s u l t  o f  t h i s  



column. The chromatographic process i s  thus a moving l i q u i d  phase 

perco la t ing  over the s ta t i ona ry  bed of the column. The 

i n te rac t i on  o f  the so lu te  w i t h  mobile and s ta t i ona ry  phases can be 

manipulated through d i f f e r e n t  choices of solvents and mater ia ls .  

HPLC creates a h igh degree o f  versat  i 1 i t y  and a1 lows the easy 

separation o f  a wide v a r i e t y  of chemical mixtures,  genera l ly  i n  a 

shorter  time per iod  than the other chromatographic methods. 

Several HPLC techniques are avai 1 able, inc lud ing  pa r t  i t ion, 

both 'normal' and 'reverse' phase, s ize exclusion HPLC, 

ion-exchange HPLC, and adsorption HPLC. The p a r t i t i o n  mode i s  

most wide ly  used f o r  r ou t i ne  HPLC. I n  t h i s  method, so lu te  

components d i s t r i b u t e  themselves between the mobi l e  and s ta t i ona ry  

phases. As a r e s u l t  o f  the d i f fe rences  i n  s o l u b i l i t y ,  the so lu tes  

e lu te  from the column separately as long as the cor rec t  mobile 

phase i s  used. 

'Normal' p a r t i t i o n i n g  was the f i r s t  separation technique 

s tud ied (23). The requ i r e d  condi t i  ons f o r  normal separat ions are 

a po lar  s ta t i ona ry  phase f o r  separation o f  nonpolar compounds, and 
P 

a nonpolar mobi 1 e phase. The bonded 'reverse' phase p a r t  i Gon i n g  

m i r r o r s  the normal phase condi t ions,  tha t  is, the s ta t i ona ry  phase 

i s  nonpolar and the mobile phase i s  po lar .  

For e f f i c i e n t  1 i qu i d  chromatography separations, a column 

must have the f o l l ow ing  charac te r i s t i cs :  1) .  the capaci tr t o  
- 

r e t a i n  samples, 2) .  the a b i l i t y  t o  separate sample components, 

and f i n a l l y ,  3). must operate e f f i c i e n t l y .  The f o l l o w i n g  



expression describes the capaci ty f ac to r  (o r  k ' )  of a column - 
t h i s  i s  a measure o f  sample re ten t i on  by the column: 

The h o l d  up time or v o i d  volume (mobile phase i n t e r s t i t i a l  

volume) , (uo), i s  the volume of  the column unoccupied by the 

packing and i s  equal t o  the t o t a l  volume o f  the solvent e l u t i n g  

from the column between the time of  i n j e c t i o n  and the appearance 

o f  an unadsorbed species. tr i s  the re ten t i on  time and i s  the 

time from i n j e c t i o n  t o  tha t  time a t  which the maximum o f  the 

unretained so lu te  peak appears on the recorder. ur i s  r e ten t i on  
- 

volume (24). 

E f f i c i e n c y  i s  used t o  describe the po ten t i a l  separation 

c a p a b i l i t i e s  o f  the chromatographic system. The r e s u l t s  are 

expressed i n  terms o f  the number o f  theore t i ca l  p la tes,  (NZ; which 

can be thought o f  as a c e r t a i n  number o f  separation stages. The 

more stages, the higher the e f f i c i ency .  The f o l l ow ing  expression 

describes t h i s :  



Where, N = the number of theoretical plates 

tr = retention time 

w = base1 ine width 

For good resolution, narrow base1 ine widths are desired. 

In order to compare the efficiencies of different length columns, 

the height equivalent to a theoretical plate, (HETP), is used 

instead of N. This is easily calculated by dividing (N) into the 

column length (L) .  The result is expressed in units of length 

and for HPLC, the typical HETP value 1 ies be tween 0.3 and 0 . l  m. 

HETP = VN (3) 

The ease of separat in9 two different components on a column 

is given by the selectivity term, * . I t  is calculated f r a  the 

ratio of k'  values and is always expressed as a number greater 

than one. 



Where k ' i  and I('* are the capacity fac tors  of each component. 

Conceptual 1 y, d. represents the spacing between peak maxima. A 

largo Q( (wide spacing) indicates the ccrsponsnts separate w i th  

more ef f ic iency.  A s  d approaches uni t y  (11, tho peaks fuse and 

there i s  no separation. 

The resol u t ion, or separat ion, be tween ouer 1 app i ng bands i s 

estimated by the f o l  1 owing expression (24) : 

whore A t i s  the di f ference between retent ion t i m e s  and w i s  the 

widths i n  u n i t s  of t i m e  of  the peaks 1 and 2 a t  t he i r  bases. 

An i l l u s t r a t i o n  showing the re lat ionship o f  the various 

chromatographic terms thus described i s  shown on the fo l lowing 

page : 



Figure 4. Typical Chromatogram 



HPLC can be used t o  separate components by choosing an 

e luent  system tha t  i s  e i t h e r  i s o c r a t i c  o r  g rad ient  . I s o c r a t i c  

e l u t i o n  techniques use constant so lvent  composition t o  move the 

i n j e c t e d  sample through the column. Gradient e l u t i o n  uses va ry ing  

so lvent  cmpos i  t ion f o r  a  given 1 ength o f  t ime i n  order t o  

separate components o f  the chemical mix ture .  General ly ,  g rad ient  

e l u t i o n  u t i l i z e s  increasing so lvent  or  i o n i c  s t rength  from 

beginning t o  the end o f  the chromatographic run. 

N e l i s  (21 r e p o r t s  t h a t  as e a r l y  as 1975, Abe and coworkers 

repor ted  an adsorpt ion chrmatographr  method w i t h  f l uo rescen t  

de tec t  ion t o  simultaneously determine alpha-, beta-, and 

gamma-tocopherol i n  serum and r e d  b lood c e l l s .  N e l i s  a l s o  

descr ibed tha t  the f i r s t  papers s p e c i f i c a l l y  dea l i ng  w i t h  use fu l  

a1 pha tocopherol assays were pub1 i shed by De Leenheer e  t a1 and 

N i l sson  e t  a l .  The former authors in t roduced the chromatography 

o f  a1 pha- tocopherol on reversed phase r a t h e r  than s i  1  i ca columns, 

and moni tored the e luate w i t h  u l t r a v i o l e t  de tec t i on  a t  292 nm. 

Whereas, N i l sson  e t  a l .  u t i l  i zed  a s t r a i g h t  phase system, based on 
- - 

a p e l l i c u l a r  Coras i l  s i l i c a  column. T h e i r  method had numerous 

drawbacks, among which were the i n a b i l i t y  t o  separate g m a  from 

beta  tocopherol coupled w i t h  poor e f f i c i e n c y  and s e n s i t i v i t y .  

La ter  s tud ies  abandoned the use o f  s i l  i c a  i n  favo r  o f  

reverse-phase supports. I f  tocopherols other  than a lpha are t o  be 

determined simultaneously, f luorescent  de tec t i on  i s  o f t e n  

i n d i c a t e d  i n  order t o  detect  the minor be ta  species. F luorescent  



detect ion was a l so  found t o  be super ior  t o  u l t r a v i o l e t  detect ion 

i n  terms o f  s e n s i t i v i t y  and s e l e c t i v i t y .  

I n  exceptional cares where s t i l l  h igher s e n s i t i v i t y  i s  

required, electrochamical detect ion may be t r i e d .  A 

reversed-phase 1 i q u i d  chromatographic determination o f  

alpha-tocopherol i n  plasma us ing  ampermetr ic detect ion has been 

descr i bed by Ikenoya e t  a1 (25). Sensi t i v  i t y  o f  t h i s  assay i s  i n  

the picogram range, and no in ter ferences were noted. 

Various assay methods have been invest igated f o r  the 

ana lys is  o f  tocopherol i n  both plasma and r e d  blood c e l l s ,  Desai 

(19) reuiewed these methods inc lud ing  co lor imetry ,  

s p e c t r o p h o t m e t r ~ ,  spectrof l u o r m e t r y ,  column chromatography, 

paper chromatography, t h i n  layer  and gas-1 i q u i d  chromatography, 

and, f i n a l  1  y, electrochemical methods. Sane 1 i te ra tu re  tha t  

dercr i bes the i so l  a t  ion and quant i t a t  ion o f  tocopherols i s  

discussed below, w i t h  special  emphasis being placed on High 

Performance L i q u i d  Chromatographic methods. 

Before discussing methods, one should be made aware o f  

three major pr-oblems assoc ia tedw i th  v i tamin E assays i n  - -  

b i o l og i ca l  mater ia ls .  The f ir%t i s  r e l a t e d  t o  the ins tab i  1  i t~ o f  

tocopherol. Ox i da t  ive dest ruct  ion of the molecule occurs wi t h  

heat, 1  ight ,  metal ions, and a l k a l  ine pH condi t ions.  Various 

s teps can be taken t o  reduce these r i s k s  considerably. A second 
- 

major inter ference i s  caused by the presence of 1  i p i  ds i n  excess, 

p a r t  i c u l a r y  cho lestero l  . The f i n a l  chal lenge occurs when one 

t r i e s  t o  separate the pos i t i ona l  isaners, beta and gamma, 



Therfore,  each method represents an attempt t o  overcome these 

problems and t o  analyze tocopherol i n  an accurate, sensi t ive and 

e f f i c i e n t  manner. 

Hatam and Kayden ( 2 6 )  separated tocopherols i n  e ry th rocy tes  

us ing  a m i c r o p a r t i c l u l a t e  reverse phase p a r t i t i o n  column, 

BondapaK '18, They described a h igh  performance l i q u i d  

chromatographic method t h a t  u t i l i z e d  f l u o r m e t r i c  de tec t i on  w i t h  

an e x c i t a t i o n  wavelength o f  205 nm r a t h e r  than the usual 295 

nm.This change achieved a tewnty- fo ld gain i n  s e n s i t i v i t y  f o r  the 

assay. T h i s  method u t i l i z e d  as l i t t l e  as 50 uL o f  plasma or 

200 uL o f  e ry th rocy tes  f o r  the separat ion and q u a n t i t a t i o n  o f  the 

i somers. 

Tay lor ,  Lamden, a n d l a p p e l  ( 2 0 )  r e v i s e d  Hatam and Kayden's - -  

method ( 2 6 )  by a l t e r i n g  the e x c i t a t i o n  and emission wavelengths t o  

290 nm and 330 nm, respec t i ve l y ,  and u t i 1 i z e d . a  n e u t r a l  alumina - 

column onto which the hexane e x t r a c t  was in jec ted.  The p r i n c i p l e  

advantage o f  t h i s  method was the e l i m i n a t i o n  o f  cumbersome and 

q u a n t i t a t i v e l y  i n e f f i c i e n t  chromatographic procedures i n  order t o  - - 
separate tocopherol from i n t e r f e r i n g  substances. They f e l t  t h a t  

t h i s  methodology overcame problems genera l l y  associated w i t h  

f 1 uorome tr i c anal y s i  s o f  a1 pha tocopherol and thus, expanded the i r 

technique t o  the determinat ion o f  alpha- tocopherol i n  homogenates, 

subce l l u la r  f r a c t i o n s ,  and r e d  b lood c e l l s .  - 

A method f o r  de tec t ion  and q u a n t i t a t i o n  o f  plasma and 

ery throcy te  alpha- and gamma-tocopherol was developed j o i n t l y  by 

Lehmann and M a r t i n  (27).  T h i s  method t rea ted  50 uL o f  r e d  c e l l s  



or  plasma and requ i red  a  chloroform e x t r a c t i o n  fo l l owed  by 

evaporat ion and d i s s o l v i n g  the res idue i n  methanol. Because t h e i r  

procedure d i d  not u t i l i z e  a l k a l i n e  s a p o n i f i c a t i o n  as other  methods 

1  i s t e d  prev ious ly ,  they se lec ted toco l  as an i n t e r n a l  standard f o r  

mon i to r i ng  sample l o s s  due t o  manipulat ion.  

Lehmann and M a r t i n  (27) f e l t  t h a t  ne i the r  s a p o n i f i c a t i o n  

nor hexane e x t r a c t i o n  was necessary, and the r e s u l t i n g  method 

revea led good reproduc i b i  1 i t y ,  prec i s i  on and anal y t  i c a l  recovery. 

T h i s  assay a l s o  provided advantages over other  methods i n  terms o f  

s e n s i t i v i t y  and r e p r o d u c i b i l i t y .  

Chiu and Lubin (26) mod i f i ed  the method o f  Tay lor 's  group 

i n  such a  way tha t  the s a p o n i f i c a t i o n  m ix tu re  was a l t e r e d  t o  

r e q u i r e  a  ma1  l e r  sample s i ze .  T h i s  group a l s o  chose t o  use 

hepar in ized b lood samples as opposed t o  EDTA samples. 

Cook (21) developed a  reverse phase High Performance L i q u i d  - 

Chromatography method t o  s i m u l t a n e o u s l ~  determine serum alpha-, 

beta- and gamma-, and del ta- tocopherol a long w i t h  r e t  in01 . Her 

method u t i l i z e d  u l t r a v i o l e t  de tec t ion  a t  280 nm, and she f e l t  t ha t  
- - 

i t cmpared w e i l  w i t h  Lehmann and Mart in 's  method, but  l e s s  we l l  

w i t h  the non- specif ic f l u o r m e t r i c  and c o l o r i m e t r i c  methods. 

The above methods represent a  summary of those c u r r e n t l y  

a v a i l a b l e  f o r  HPLC ana lys i s  and f l uo romet r i c  de tec t ion  o f  plasma 

and r e d  c e l l  tocopherol.  T h i s  author chose t o  use a  combination 
- 

o f  the methods used by Cook, Tay lor ,  and Chiu and Lubin f o r  the 

determinat ion o f  tocopherol isomers i n  plasma and r e d  c e l l s .  The 

method was evaluated f o r  p rec i s ion ,  accuracy, reproduc ib i  1  i t y ,  and 



l i n e a r i t y  o f  the isomers of v i tamin  E. I n  a d d i t i o n ,  normal l e v e l s  

were determined f o r  both plasma and c e l l s ,  and these were then 

compared t o  the l e v e l s  found i n  S i c k l e  C e l l  Disease p a t i e n t s .  



A, )  Solvents and R e a ~ e n t s  

A1 1 so lvents  and chemicals used were o f  the highest p u r i t y  

ava i lab le .  

Doubly deionized u l  t r a f  i 1 t e r ~ d  water was used f o r  the 

preparat ion o f  the mobile phase and i n  sample preparation. 

Solvents and reagents were prepared or used as described 

be1 ow: 

HPLC grade methanol and hexane were f u r t he r  f i 1 te red  
- .  

through nylon f i 1 t e r s  o f  0.45 um pore size. These reagents were 

purchased from Fisher S c i e n t i f i c  Company, Fa i r  Lawn, New Jersey. 
- 

Potassium Hydroxide P e l l e t s  AR, ( Ma l l i nck rod t ,  Inc.  

Par is,  Kentucky), were used i n  the preparat ion o f  10 N KOH, pa r t  

o f  the incubat ion mixture.  

Kodrk-L-(+)-Ascorbic Acid, USP Reagent, (Eastman KGdak, 

Co., Rochester, New York) was u t i l i z e d  f o r  preparat ion o f  25% 

so lu t i ons  tha t  were a l so  p a r t  of the incubat ion mixture.  

I so ton ic  Buffered Sal ine (American S c i e n t i f i c  Products, 

Mc Gaw Park, I l l i n o i s )  was added t o  the c e l l u l a r  suspensions and 

f o r  sample preparat ion f o r  the incubation m i x t u r ~ .  The bu f fe red  

sa l ine  contained sodium ch lo r ide  8 g/L, potassium ch lo r ide  0.38 



g/L and 1.0 g/L sodium azide. The pH o f  the i so ton ic  sa l ine  was 

7.45 as determined by a Corning Blood Gas Analyzer. 

The e thy l  alcohol used i n  preparat ion o f  samples and 

standard recons t i t u t i on  was USP Absolute-200 Proof (Aaper Alcohol 

and Chemical Co., She1 b y v i l  l e ,  Kentucky). 

B.) Standards 

The fo l l ow ing  standards were used i n  the experiment: 

alpha-tocopherol , beta-tocopherol , gamma-tocopherol , and 

delta- tocopherol.  Alpha, beta, and gamna-tocopherol were a l l  

suppl ied by Supelco, Inc., Bel lefonte,?a. Delta- tocopherol was 

donated by Dr. Peter Sorter ,  Hoffman LaRoche, Inc., Nat ley,  NJ. 

The High Performance L i q u i d  Chranatographic instrument, 
- 

IBM Model LC/?533 was purchased from IBM Instruments, Inc., 

Danbury, CT. A block diagram o f  the instrument i s  shown i n  

Figure 5. 

The column used was a Radial-Pak L i q u i d  Chromatography 

Cartr idge, C-18, w i t h  the f o l l o w i n g  spec i f i ca t ions :  length 11.9 

cm, packing length 10.0 cm, OD 13 mm, I D  8 mm, and p a r t i c l e  s ize  

o f  5 microns. The column was protected by a guard column tha t  

a l so  contained octadecyls i  lane. Both were purchased frm Waters 

Associates, Inc., M i l f o r d ,  W. The column i s  contained i n  a 

Radial Canpression Module-RCM 100 manufactured by M i l l i p o r e  

Corporation Waters Chrmatographr Div is ion,  M i l f o rd ,  W. 





The Millipore Filtration Apparatus (1000 mL size) 

(Millipore Corporation, Bedford, MA.) was used for the filtration 

of all samples. Nylon 66 f i l  tars of 0.45 pm size and 47 nm 

diameter were used for solvent filtration. 

A Microliter Syringe (Rainer Instruments Co., Inc., 

Woburn, MA.) of the 900 p1 size was used for injection of samples 

into the HPLC. 

The incubat ion mixture was kept at 70% in a GWPrecision 

Scientific Co. Shaker Bath Model 25 (OM Corporation, Chicago,IL.) 

Centrifugations were done with a OLC-1 centrifuge by 

Sorvall (Sorvall , Newton, CT.). 

The pH determinations on the isotonic saline were made 

with a Corning 175 pWBlood Gas Analyzer (Corning Medical and 

Scientific, Medfiold, MA.). 

Hematocrit determinations of patient cello were 

accanplished with a Coultrr Model S-Plus V, Coulter Electronics, 

Inc., Hialeah, FL. 
- 

Fluorescent detection was made possible with a Shimadau 

Fluorescence HPLC Monitor Model RF-530 (Shimadzu Corp. 

Spectrophotanetr ic Snst. Plant Analytical lnst. Division, - -  

Kjoto, Japan). 

A vortex mixer was used for the mixing of all samples. I t  

was purchased +ran Scientific Industries, Springfield, HCI. 

A vacuum pump, Model SKH32EG550, was used to degass the 

mobile phase and was purchased fran Sargent-Welch Scientific Co., 

Skokie, IL. 



Data acquis i t ion was v i a  a Fisher Recordall Chart Recorder 

(Fisher S c i e n t i f i c  Co., Pi t tsburgh,  Pa.) and v i a  an IBM 9000 

Computer (IBtl Instruments, Inc . ,  Danbury, CT.) 



MPERIMPCTAL METHODS 

A. P r e ~ a r a t i o n  of Mobile Phase 

War ious procedures u t  i 1 ized canbinat ions o f  methanol and 

water or 100% methanol as the mobile phase. A mobile phase of 

100% methanol y ie lded the shortest re ten t ion  times f o r  the isomers 

of tocopherol. However, a volume r a t i o  of  ?9:1 (methanol :water) 

y ie lded be t te r  reso lu t ion  o f  the isomeric forms w i th  only  a 

s l  i g h t l r  longer re ten t ion  time f o r  each isaner. 

U l t r a f i l t e r e d  HPLC grade methanol and deionized water were 

thoroughly mixed i n  the proper r a t i o .  The mobile phase was then 
- .  

t ransferred t o  a one l i t e r  b o t t l e  which was provided i n  the 

solvent t ray  of the LU9533. The solvent was then degassed using a 
- 

vacuum pump and a gaseous layer of  He1 ium was placed over the 

solvent a t  a pressure of 5 1Win  2 . 

B. P r e ~ a r a t i o n  of Solutions - - 

Ascorbic ac id  (25%) was made by d isso lv ing  6.25 mg of the 

powder i n  deionized water using a 25 mL volumetric f lask .  

The potassium hydroxide (10 N) was prepared by d issolv ing 

250 g i n  100 mL of deionized water. - 

The alpha, beta, and g m a  standards of 50 mg/mL were made 

i n t o  stock and working standards as fol lows: 



0 . 5  mL of  concentrated standard was d isso lved i n  50 mL 

ethanol fo r  stock standard concentrat ion o f  0 .5  mq/mL . Then, 0 .5  

mL o f  the stock standard was dissolved i n  50 mL ethanol f o r  

working standard concentrat ions of 0.005 mg/mL or 5 pg/mL. These 

were then s tored a t  4OC i n  volumetr ics protected f r a n  l i g h t  by 

aluminum f o i  1 . 
Dalta-tocopherol was prepared by d i sso l v i ng  20 mg of  t h i s  

v i tamin i n  1 mL o f  ethanol t o  produce a concentrat ion o f  20 mg/mL. 

One-half o f  a m i l l  il i t e r  of t h i s  was then d i l u t e d  t o  50 mL t o  make 

a stock standard o f  0.20 mg/mL or 200 @g/mL. The working 

standard war prepared by d i l u t i n g  5 mL of  the stock standard t o  

50 mL f o r  a concentrat ion of 20 pg/mL. Th i s  standard was a l so  

s to red  a t  4OC and protected from exposure t o  l i g h t .  

C, Preparation o f  Samples P r i o r  t o  Analys is  

EDTb preserved who1 e blood i s col  1 ected from a human 
- 

subject. A volume o f  5 mL o f  whole blood i s  acceptable f o r  

analysis.  ( As 1 i t t l e  as 3 mL may be used i f  the subject  i s  a 

p e d i a t r i c  pa t i en t  or  procurement o f  the specimen i s  d i f f i c u l t . )  

The specimen Should be thoroughly mixed f o l l ow ing  phlebotomr t o  

insure d i s t r i b u t i o n  o f  the anticoagulant. The specimen should 

then be cen t r i fuged  t o  separate the c e l l u l a r  and plasma layers.  

The plasma i s  subsequently removed and a volume o f  i so ton ic  sa l i ne  

added. The ce l  l u l a r  elements should then be resuspended, 
- 

recentr i fuged, and the i so ton ic  sa l i ne  removed. T h i s  step should 

be repeated once more t o  insure complete removal o f  the plasma 



f rom the c e l l s .  A t  t h i s  p o i n t ,  a  volume o f  i s o t o n i c  bu f fe red  

s a l i n e  i s  added so t h a t  the hematocr i t  i s  approximately 50%, as 

v e r i f i e d  by a  Coul t e r  Model S P lus  V Hematology Analyzer. The 

c e l l u l a r  suspension can then be f rozen f o r  up t o  fou r  weeks a t  

-2O0c. Caution should be exerc ised a t  a l l  t imes t o  p r o t e c t  the 

samples from unneccessary exposure t o  l i g h t ,  as v i t am in  E i s  l i g h t  

s e n s i t i v e .  

D.) Prepara t ion  o f  lncubat  ion M ix tu re  

Preparat ion o f  the incubat ion mix ture  was based upon the 

work done by Chiu and Lubin (28).  Table 2  g ives  the volumes and 

concentrat ions o f  the components used i n  the incubat ion  mix ture .  

I n i t i a l l y ,  2.0 mL o f  i so ton ic  s a l i n e  i s  added t o  a  15 mL 
- .  

g lass  t e s t  tube labe led approp r ia te l y  as blank, standard, or  

p a t i e n t .  To t h i s ,  1.0 mL of e i t h e r ,  H20, standard, plauna or  c e l l  
- 

suspension was added and thoroughly mixed. At t h i s  p o i n t ,  0.5 mL 

o f  f r e s h l y  prepared ascorbic a c i d  and 1.0 mL o f  e i t h e r  water or  

ethanol (as i nd i ca ted  f o r  p a t i e n t  o r  standard) are added. 

Ascorbic a c i d  -prevents ox ida t  ion o f  tocopherol i n t o  tocopher-crl 

qu i none. 

The mix tures  are then stoppered and p laced i n  a  70°C 

r e c i p r o c a t i n g  water bath f o r  5  minutes. At the complet ion o f  t h i s  

t ime, a l l  t e s t  tubes are removed and 1.0 mL o f  10 N KOH i s  added, 
- 

the m ix tu res  vortexed, restoppered, and re tu rned  t o  the water bath 

f o r  an addi t ional  30 minutes a t  the same temperature. 



TABLE 2 

Volume (mL) of Components i n  Incubation Mixture 

Saline H2° Ascorbic KOH Ethyl Sample* Total 
Acid Alcohol 

Blank 2;0 1.0 0.5 1.0 1.0 ---- 5.5 

Standard 2.0 1.0 0.5 1.0 --- 1.0 5.5 

Patients 2.0 --- 0.5 1.0 1.0 1.0 5.5 
(C or P)** 

* Sample= Ce l l s ,  Plasma, or Standard 

** Cel ls  or Plasma 



When the incubation i s  completed, the samples are removed 

and cooled f o r  10 minutes. F o l l w i n g  cool ing, 2.0 mL of  hexane i s  

added t o  each t es t  tube, and the so lu t i ons  are vortexed f o r  1 

minute t o  insure ex t rac t ion  o f  the tocopherol i n t o  the hexane 

layer .  A l l  t es t  tubes are then cen t r i fuged  f o r  10 minutes t o  

separate the hexane 1 ayer . A f t e r  cent r  i f  ugat i on, the hexane 1 ayer 

was removed t o  a separately labe led tube p r i o r  t o  i n j e c t i o n  f o r  

ease o f  analysis.  

E.)  HPLC Method 

The experiment used the IBM Model LV9533 (Figure 5 1. A 

Waters Cis Reversed Phase Column preceded by a guard column was 

used. Both columns were maita ined a t  roam temperature. The 

mobile phase consisted of  methano1:water (5'9:1, v/v). The column 

i n l e t  pressure and guard column pressure were 35-70 bars. The 

f l ow  r a t e  was 1.6 muminute. A Shimadzu Fluorescent Monitor was 
- 

used f o r  f luorescent  detection. Exc i t a t i on  wavelength was a t  290 

nm and emission wavelength a t  330 nm. A 100 pL f u l l  volume 

i n j e c t i o n  loop was used, and an excess o f  100 pL was i n j ec ted  i n  

accordance w i t h  the f u l l  loop i n j e c t i o n  technique ( 2 9 ) .  - - 

F,) Data Acau is i t i on  and M a n i ~ u l a t i o n  

Acqu is i t i on  o f  data was v i a  a Fisher chart  recorder and an 
- 

IBM 9000 Computer equipped w i t h  a Chramatograph~ App l i ca t ions  

Program version 1.4. The chart  recorder served p r i m a r i l y  as a 



back-up f o r  the IBM 9000, and primary data storage and 

manipulat ion was v i a  t h i s  computer. 

The f o l l ow ing  pages (37-40) are the method pages u t i l i z e d  

by the IBM 9000 f o r  data accumulation as used i n  t h i s  research. 

The IBM 9000 a l so  a1 lows the user t o  re i n teg ra te  the raw 

data v i a  a re i n teg ra t i on  mode. Page 41 shows a po r t i on  o f  the 

program t h a t  d i r e c t s  t h i s  funct ion.  

Var ious other screens are auai lab le  f o r  the user t o  

implement. The f o l l o w i n g  pages d e t a i l  same o f  these added 

funct ions.  

Page 42 shows the screen tha t  appears when one i s  ready 

t o  make a sample run and t o  accumulate data tha t  i s  t o  be saved t o  

an appropr ia te ly  i d e n t i f i e d  data d iske t te .  

Page 43 shows the s ta tus  of the channels a t  any given 

time, d isp lays  run times, minutes elapsed since beginning of  run, 

and the t o t a l  number o f  runs desired. 

Page 44 shows the f i n a l  screen ava i lab le  once the system 
- 

i s  shutdawn. 

Page 45 d e t a i l s  the screen tha t  a i ds  the user tomaks a 

copy of a d isket te .  

Page 46 i s  a copy of  the ca l  i b r a t  ion tab le  used i n - t h i s  

research . An external  standard was prepared and run  w i t h  each 

sample run and was compared a t  i n t e r v a l s  t o  the standard 

ca l  i b r a t  i on tab1 e . 
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PREPNIE REIrnEGRATIOW WITH HETHOD MlUlE REDCELL 

1 tlE'THOD ORI61H [DCIRI : 
2 DATA FILX WAnE (1-15 CHRS. 1 1 1: ClDS9281: 

4 COWERSIOH FACTOR 

5 UOL. INJECTED ( u l )  
6 SMPLE MOUNT 

TUE 26 HAY 87 19: IS: 88 

EXIT 

- 



READY CHANNEL 81 WITH HETHOD RARE REDCELL 

1 HETHOD ORIGIN [DARI : 
2 SANPLE N M E  [SDI : 
3 DATR S W E  HODE (H,R, Pa H s  A )  C A I :  

DATA DISX I D  (1-6 CHRS. 1 CDATAI : 
DATA FILE NAME ( 5  CHRS. ) [CIDSI : 
D M A  P I L E  SEQ. HUnBER (1-999) c11: 

4 HUnBER OF BUAS DESIRED (1-999) 

5 PLM DESIRED (YINI CYI : 
PLOT RREA(l=fSJ2=USJ3=LS,4=FPJ S=RP,6=LP~CiI:- 
L W E R  P L M  L I t l l T  (-5 t o  399nv) 181: 
UPPER PLOT L I H I T  (-4 to  198Baau) C1901: 
PLOT RATE (may use soft keys) ~1.a0l: 

6 NOTES 1 I 

7 COWEBSION FACTOR 

0 UOL. INJECTED Cull 
9 SMPLS MOUHT 

Screen P l o t t i n g  rates i i  cdrnin  
L I H E  8.25 8.50 1.88 3.88 5.88 9.80 



CURRENT ACTIVITIES 

CHBH INPUT METHOD DATA FILE RUN #/ PLOT 
t VOLT NME NAnE TOT RUNS AREA 

8E PRESET 
a PRESET C~PHS 
1 1 PRESET CDHS 1 PSI1 DLE 
2 1 PRESET C2DNS I FS/IDLE 
3 10 PRESET C3DNS 1 FS/I DLE 
4 1 PRESET C4DNS 1 PSI1 DLE 
IIL LC/9533 CURRENT SI'ATUS 

CH Prt Time P l o w  SoIA Sol3 SoIC 

C;1D> 

COPY DflTE. HELP RENMIE CONFIG 

MI H. ELAPSED/ 
STRTE RUN TIHE 

IDLE 
IDLE 8.88/ 38.88 
IDLE 8.0W 30.80 
IDLE 0.BW 38.80 
IDLE 8.88/ 38.08 



EXIT TO THE OPSRATIHG SYSTEM SHUTS DWN ALL CHANHELS. 
LLL I)A'TA cIND RETHOPS HOT SAUED ON DISX WILL BE LOST. 

DO YOU WAKI' TO EXIT?[tll- 

Y N 

TOE 26 HAY 87 19: 29: 18 



D 1 SXCOPY 
CS19888 DI SXCOPY 1.1 8/29/83 
COPYRIGHT ( c )  1982, 1983 IBPt IHSTRUnErtTS~ IHC. 
EM%B SOUBCE DRIUE NUllBBB: 8 
EHTE2 DESTIafiTION DRIUE HUnBER: 1 
ENTER OPTIONS: U 
WARNING: DESTI H A T I O ~  DISK comEms 

WILL BE DETTRWZD 
COPY PRW DAIUE 8 TO DRIUE i 7 Y 
CUBREHT UOLUfiE IDENTIFIER IS: DATA 
CHAESZ BESTlnflTIOn V4LU!f I3El'?TIfISR (Y/Hl ? N 
D I SXCOF't CCtt?Z2TX3 



Page Line Time Peak name Aaaount Area R- f ac tor 

1 Title > 1 9.88 6AnHR 
2 Icq'n 2 10.48 AL?HA 
3 bents 
4 Raseln 
5 Calib 
6 names 
7 Beport 

Std t 

> i  1:CIB 

LINE PAGE COHC WIT <- -> 

THU 04 JON 87 14:89: 25 

XFFUNCTH EXIT 



CHAPTER V 

RESULTS WD Dl SCUSSI CN 

Success w i t h  High Performance L i q u i d  Chromatography 

depends upon the e f f i c i e n c y  o f  the column and the mobile phase 

used. The C18 Radial-Pak L i q u i d  Chromatography Cartr idge was 

purchased from Waters Associates, Inc., and was evaluated f o r  

e f f i c i e n c y  by c a l c u l a t i n g  the number of theore t i ca l  p l a tes  i n  

accordance w i t h  Equation 2, reshown below. The chromatogram on 

the f o l l ow ing  page ( F ig .  6) shows the values used i n  t h i s  

ca l cu la t i on  and how they were obtained. The resu l t an t  value of  

10,816 agrees we1 1 w i t h  the manufacturer's 1 imi ts of  10,00Of10%. 

Therefore, t h i s  ca l cu la t i on  demonstrated the e f f  i c i enc r  o f  t h i s  

col  umn . 

A l l  samples and standards were analyzed us ing t h i s  column, 

which had a p a r t i c l e  s ize  o f  5 microns. The procedures fo l lowed 

by Cook (211, Taylor e t  a1 (201, and Chiu and Lubin (13) were 

modi f ied and used i n  t h i s  research. The f o l l ow ing  i s  a 

descr ip t ion  o f  these changes: Taylor 's method was mod i f ied  so 

tha t  the sapon i f i ca t ion  mix ture contained 2.0 mL of  phosphate 
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buf fe red  sa l ine,  0.5 mL o f  25/. ascorbic acid, 1.0 mL o f  100% 

ethanol and 1.0 mL of  rbc's or  plasma. Taylor 's group a l so  used a  

neut ra l  alumina column t o  which the hexane ex t rac t  was appl ied, 

whereas t h i s  researcher selected a  C18 Bondapak column. ~ h i u  and 

Lubin added a 4.0 mL volume o f  hexane f o r  ex t rac t ion ,  as d i d  

Taylor.  Th i s  was decreased t o  a  2.0 nL quant i t y  i n  order t o  

improve assay s e n s i t i v i t y .  I n  addi t ion,  Chiu u t i l i z e d  hepar in ized 

samples, whereas, due t o  a c c e s s i b i l i t y ,  EDTA samples were used i n  

t h i s  assay. Cook performed her analys is  w i t h  the same column as 

was used i n  t h i s  procedure. Select ion of t h i s  column over o thers  

was made on the bas is  o f  poss ib ly  improving r e p r o d u c i b i l i t y  and 

r e l i a b i l i t y  and canplete e l im ina t ion  o f  column vo id ing  and 

channeling (30). A dec is ion f o r  f l ow  r a t e  o f  the solvent was 

based upon a  canparision o f  1.0 muminute, 1.6 muminute and 2.0 

muminute. The f i r s t  r a t e  y ie lded  too long of  a  re ten t i on  time 

fo r  the isaner ic  canponents, whereas, the l a s t  d i d  not a l low 
- 

s u f f i c i e n t  time f o r  r e t u r n  t o  basel ine f o l l w i n g  the solvent 

f r o n t .  Therefore, the intermediate time of  1.6 muminute was 

selected. 

A solvent r a t i o  o f  99:l (methanol/water) was chosert-for 

t h i s  procedure, as i t  al lowed good reso lu t i on  o f  the isomeric 

peaks. The f o l l ow ing  formula shows t h i s  f ac to r  as used w i t h  the 

values i n  the chromatogram on page 51. 



R = reso lu t i on  

t = d i f ference i n  re ten t i on  times 

wa,wb = width  o f  peaks a t  t h e i r  bases 

I d e a l l y ,  r eso lu t i on  should be a t  l e a s t  1 .O, and t h i s  agreed we l l  

wi t h  the ca lcu la ted  value of  1.4. 

The re ten t i on  times of  alpha-,gamma-,beta-,and 

delta- tocopherol standard are shown i n  Table 3. The order of the 

re ten t i on  times corresponds w e l l  w i t h  the an t i c ipa ted  re l a t i onsh ip  

based on the s t ruc tu res  of the tocopherol isomers. 

TABLE 3 
Retention Times of  Compounds Invest igated i n  T h i s  Assay 

- 

Compound Retention Times 

(Mi nu tes) 

- - 

A1 pha-tocopherol 10.4 

Del ta-tocopherol 8.0 
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Fig. 7. Chromatogram U t i l i z e d  i n  Calcula t ing  Resolut ion 



Once the des i red r e t e n t  ion times were determined, a 

standard curve f o r  each isomeric form was constructed. Values f o r  

peak areas were ca lcu la ted  by the IBM 9000 computer and p l o t t e d  

versus concentrat ion i n  pg/mL. Tables 4-7 show the peak areas per 

isomeric form. The standard curves f o r  each isomer are presented 

i n  Figures 8-11. The standard curve d i  l u t  ions were chosen t o  

cover the range expected t o  be found i n  normal p a t i e n t s  r e d  c e l l s  

and plasma. The standard curve p l o t s  are done by l i n e a r  

regression analysis.  Table 8 contains the formulae u t i l  i zed i n  the 

ca l cu la t i on  o f  each isomers' standard curves. 

Since t h i s  procedure requ i red  extensive sample 

pretreatment, an external  standard was run w i t h  each assay and 

compared t o  tha t  value an t i c i pa ted  f o r  the standard. The IBM 9000 

a l lows the user t o  ca lcu la te  analyte concentrat ions based upon a - 

response fac to r  and peak area according t o  the f o l l o w i n g  formula: 

Reapons~ Factor = peak area or height  o f  sample X amount o f  isomer 

i n  the standard as entered i n  the Cal i b r a t i o n  Table 

The Gal i b ra t  ion Tab1 e used i n  t h i s  research was shown on page 46. 

Further computations were then based upon t h i s  standard, which 

consisted of a mixture o f  a mixture of alpha and gamma tocopherol 

(2.5 NWmL and 0.625 ~ g / m l ,  respec t i ve ly ) .  
- 

Since beta coelutes w i t h  ganma, i t  was not included i n  the 

standard mixture.  I t  then fo l lows,  tha t  the gamma tocopherol 

concentrat ions repor ted include beta. Del ta  was a l so  excluded 

from the standard mixture , but f o r  a d i f f e r e n t  reason. A l l  



TABLE 4 

PEAK AREAS OF ALPHA-TOCOPHEROL STANDARD 

A1 pha-tocopherol Concentration Peak area 
(y g/mL 



TABLE 5 

PEAK AREAS OF BETA-TOCOPHEROL S7ANDARD 

Beta- tocopherol Concentrat ion Peak Area 
(pp/mL) 



TABLE 6 

PEAK 4REAS OF GAMIA-TOCOPHEROL STCINDARD 

Gamna-tocopherol Concentration Peal( 4rea 
<pp/mL) 



TABLE 7 

PEAK AREAS OF DELTA-TOCOPHEROL SFANWRD 

Del ta-tocopherol Concentrat ion Peak Area 
<pg/raL) 
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Figure 8. Alpha-tocopherol Standard Curve 



BETA-TOCOPHEROL 
RUEI) VS. CC(UCENTRRTIOhl 

Figure  9. Beta-t-ocopherol Standard c u k e  



GAMMA-TOCOPHEROL 

Figure 10. Gamma-tocopherol Standard Curve 



Figure 11. Delta-tocopherol Standard Curve 



TABLE 8 

Y ON X REGRESSION EQUATIONS FOR STANDARD CURVES 

a1 pha Y = 0.03231 + 49.51514 x ( ( X  - 0.00)/30.0) 

beta Y = 0.98939 + 18.80028 x ((X- 0.00)/6.0) 

9-a Y = 0.23398 + 17.60000 x ((X-0.00)/6.0) 

de l ta  Y = 0.78870 + 16.55747 x ((X- 0.00)/6.0) 



isomers i n  the standard mix ture  must be detected i n  samples i n  

order f o r  the IBM 9000 t o  generate an External  Standards Report 

w i t h  ug/mL values (Figure 12 1 .  I f  one o f  the isomers i s  no t  

found, an area percent repo r t  i s  generated (Figure 13). Due t o  

the 1 ow concentrat ion o f  del ta- tocopherol , i t was decided t o  

delete d e l t a  from the standard mix ture .  Peaks subsequently 

i d e n t i f i e d  as d e l t a  were then quan t i t a ted  based on a simple r a t i o  

o f  peak area t o  concentrat ion. 

Normal i n d i v i d u a l s  were analyzed f o r  alpha-, gamma-, and 

t o t a l  tocopherol i n  both t h e i r  plasma and r e d  b lood c e l l s .  The 

raw data o f  these assays i s  shown i n  Table 9. Table 10 represents 

the ery throcy te  tocopherol l e v e l s  o f  an a d d i t i o n a l  ten normal 

i nd i v idua ls .  The mean, standard dev ia t i on  and standard e r r o r  f o r  

the alpha-, gamma-, and t o t a l  tocopherol o f  these p a t i e n t s  i s  

shown i n  Table 11 . These c a l c u l a t  ions were based on the raw 

data frbm Table 9 only.  Table 12 shows Confidence L i m i t s  on the 

Mean f o r  both normal i n d i v i d u a l s  and S i c k l e  Ce l l  p a t i e n t s  a t  the - 

90,95, and 99% i n t e r v a l s .  

Table 13 d i sp lays  the raw data from p a t i e n t s  homozygous 

f o r  Hemoglobin S. Seven pa t ien ts '  c e l l s  were analyzed and o f  - - 

these, f i v e  plasmas were ava i l ab le  f o r  tocopherol determinat ion.  

The mean, standard dev ia t i on  and standard e r r o r  o f  these data are 

a1 so shown i n  Tab1 e 11 . 
Var ious c o r r e l a t i o n  mat r ices  are shown i n  Tables 14-17, A 

b r i e f  explanat ion f o r  the i n t e r p r e t a t  ion  o f  these (r) values - 

f o l l o w s  (31): 



Channel 1 . . . . . .  REINT Time: 17: 36: 27 Date:TVE 02 JUN 8 7  

Samp I e name. . . . . . . . .  STDS 
Data fila . . . . . . . . . . .  l:ClGS017 
Met hod nose. . . . . . . . .  R E 3 C S L L  

Run time . . . . . . .  12.00 min. DaIay time . . .  0.00 min. 

Area reject . . . .  0 * peaks found. . 2  
VoI. Inj . . . . . . .  100.0 ul Sample amount.. 1.000 
C o n v .  factor.. .l.O00 

= = = I ¶ = a = = = = P f f = f l = ~ = f ~ = P = a = ~ = = = = = ~ i = ~ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

EXTERNAL STANDARDS REPORT 
1 3 1 1 1 1 1 1 1 1 P 3 0 P I I I I P = f = I O = O P = O = I O I f f f = I ¶ = = = = % = = = = = = = = ~ = = = = = = = = ¶ = = = = S = = =  

. . Peak. R.T.(min) Ref Peak name UG IML Area B L ---- --------- --- ---------------- --------- --------- - - 
1 9.1:s C AMMA 6.2503-01 IS791 B E 
2 10.598 ALPHA 2.500E+00 38876 BB ------ --------- --------- 

TOTALS 3. t252c00 5 4 6 6 7 
D P I I I I I = P P I I I I I D I I I = a = = P = = = ~ = P = = = t = = = O P = P = = = = I = = = = = = = = = = = = = = = = ~ ~ = = ~ = ~ ~  

Figure 12. IBM External Standards Report 



- 
Channel # . . . . . .  REINT Time:l7:35:06 Date:TUE 02 

Sample name . . . . . . . . .  STDS 
Data file . . . . . . . . . . .  l:ClDS017 
Met hod name. . . . . . . . .  REDCELL 

. . .  Run time . . . . . . .  12.00 min. Delay time 0.00 min 

Area reject . . . .  0 
# peaks found..2 

JUN 87 

= I = P = = P = = = I = = P = = I = = = f = = 3 = = = ~ = = = = i = = I 5 t = = = = = = s = = = = = = s = = = = = = = = = = = = = = = = s =  

NORMALIZATION REPORT 
f = l f P = P = = P P = = t l = = 0 = f f = = a = = f t ~ f = = = = = = t s = = = = = = s = = = = = = s = = = = = = s = = = = = = ~ = = = =  

Peak R.T.(min) Ref P e a k n a m e  Norm % A r e a  BL ---- --------- ---------------- -------- --------- - - - -- 
1 9.115 CAMMA 2 0 . 0 0 0  15791 BE 
2 10.598 ALPHA 80.000 38876 B B  ------ -------- --------- 

TOTALS 100.600 54667 
P== I=Ps f=PaP= 'P===P========== I==e==== iP===================a============  

Figure 13. IBM Normalization Report  





TABLE 10 

RAW MTA FOR RED CELL LEUELS OF ALPHA-,!WW-,AND TOTAL 
TOCOPHEROL(pg/mL) FOR AN ADDITICML 20 

N O M L  INDIVIDUALS 

A1 pha 

1.118 

0.615 

0.894 

1.090 

1 ,372 

0.863 

1 ,032 

0.663 

0.983 

1.133 

1 .377 

0.732 

1.219 

1 .522 

1.135 

1.190 

0.935 

1 .I23 

0.773 

1.019 

Gamma 

0.342 

0.337 

0.227 

0.171 

0.411 

0.383 

0.368 

0.262 

0.489 

0.103 

0.274 

0.221 

0.336 

0.403 

0.103 

0.262 

0.635 

0.040 

0.357 

0.352 

Tota l  

1 ,460 

0.952 

1.121 

1.261 

1 ,783 

1 ,246 

1.400 

0.925 

0.472 

1 .236 

1.651 

0.953 

1 .555 

1 .925 

1 ,238 

1 ,452 

1 .570 

1.163 

1 .I30 

1.371 



TABLE 1 1  

TOCOPHEROL LNELS (MEANk S.D.)  N O W L  AND SICKLE CELL 

A1 pha G m a  Tota l  

Normal Ind iv idua ls -Ce l l s (a l1  raw data) 

means ,D. 1.07f0.23 0.2UO. 18 1 .35fO. 29 
standard e r ro r  0.07 0.55 0 .09 

Normal I nd i v i dua l  s-Pl asma(a11 raw data) 

meanfS.D. 9 . 0 9 ~ 4 . 1 3  1 . 9 6 ~ i .  12 11.05&,4.65 
standard e r ro r  1.31 0.35 1.47 

SicKle Cel l  Pa t ien ts  Ce l l s  

Meani.S.D. 1 . 2 a 0 . 3 3  0 . 6 8 u  '29 '1.91u .37 
standard e r ro r  0.12 0.11 0.14 

Sick le  Ce l l  Pa t ien ts  Plasma 

Mean&S.D. 5.84t9.32 3.4031.33 9.2431.31 
standard e r ro r  0.14 0 . & O  0.59 

Normal I nd i v i dua l s  Plasma(reca1culated data>* 

MeanfS. D. 
- 

8.77B.34  1.90&1 -02 10.67A2.17 
standard e r ro r  0.83 0.36 0.77 

*Data evaluated w i t h  2.5d r u l e  (38) and re j ec ted  accordingly 

- - 



TABLE 12 

CONFIDENCE LIMITS ON THE MEAN (99,95, and 90% 
LOWER AND UPPER LIMITS) FOR NORMAL INDIVIDUALS' AND SICKLE C ~ L L  

PAT1 ENTS' 

99 95 90 

Normal 

Ce l l  alpha 0.83 1.30 0.90 1,23 0.93 1.20 

gama 0.10 0.46 0.16 0.41 0.18 0.38 

t o t a l  1.06 1.64 1.15 1.55 1.18 1.52 

Plasma alpha 4.85 13.34 6.14 12.05 6.70 11.49 

gamma 0.81 3.11 1.16 2.76 1.31 2.61 

t o t a l  6.28 15.83 7.73 14.38 8.36 13.75 

Sick le  Ce l l  

Gel 1 alpha 0.76 1.68 0.92 1.53 0.98 1.46 

gamma 0.28 1.09 0.42 0.95 0.47 0.90 

t o t a l  1.38 2.43 1.56 2.25 1.63 2.18 

- 

Plasma alpha 5.19 6.49 5.45 6.23 5.54 6.14 

gamma 0.66 6.14 1.74 5.06 2.13 4.67 

t o t a l  6.55 11.94 7.61 10.87 7.99 10.49 



TABLE 13 

SICKLE CELL DISEASE PATIENTS' 
RAW OATA FOR CELLS AND PLASMA ALPH9-, GMW-, AND TOTAL TOCOPHEROL 

(pg/mL) 

C e l l s  P I  asma 
A1 pha G m a  Tota l  A1 pha Gama Tot a1 



When two v a r i a b l e s  are l i n e a r l y  independent i n  t h a t  the 

sense tha t  knowing a  value o f  one v a r i a b l e  i s  o f  no he lp  i n  

p r e d i c t i n g  a  corresponding value f o r  the other  v a r i a b l e ,  r = 0 .  A 

p o s i t i v e  c o r r e l a t i o n  imp l ies  t h a t  h igh  values o f  one va r iab le  tend 

t o  accompany h igh  values o f  the other  and v i ce  versa. A negat ive 

c o r r e l a t i o n  imp1 i e s  t h a t  h igh  values o f  one v a r i a b l e  tend t o  

accompany 1 ow values o f  the other (and v i c e  versa).  The 1  ast  two 

statements suggest tha t  when r = 0 , values of one va r iab le  can be 

used t o  p r e d i c t  the values o f  the o ther .  The accuracy o f  the 

p r e d i c t i o n  ( i .e . ,  the s t rength  o f  the l i n e a r  r e l a t i o n s h i p )  i s  

determined by the s ize  o f  r .  The h igher  the value of r, the more 

accurate the p r e d i c t i o n .  I f  r = I , ( i . e s ,  i f  r = 1  or  r = -1 1 

p r e d i c t i o n  i s  pe r fec t .  

Usual 1  y  r i s  not  zero, nor i s  i t  p l u s  or  minus one. The 

r e l a t i v e  s t reng th  o f  r i s  p ropor t i ona l  t o  r ,  which represents  the 

p ropor t i on  o f  the v a r i a t i o n  ( e r r o r )  i n  one v a r i a b l e  which can be 
-. 

a t t r i b u t e d  t o  i t s  l i n e a r  r e l a t i o n s h i p  w i t h  the other  va r iab le .  

The c o r r e l a t i o n  user must remember t h a t  r measures o n l y  the 

l i n e a r  r e l a t i o n s h i p  between two va r iab les .  Even though r may be 

m a l l ,  i t  i s  poss ib le  t h a t  b e t t e r  p r e d i c t i o n s  cou ld  be made i f  a  

non- l inear r e l a t i o n s h i p  ( c u r v i l i n e a r )  were inves t iga ted.  T h i s  

researcher opted not  t o  inves t iga te  these r e l a t i o n s h i p s  i n  t h i s  

p r o j e c t .  

A c o r r e l a t i o n  mat r ix  (Table 14) was performed on the 

data f rom Table 9 and included r e l a t i n g  plasma and c e l l u l a r  

l e v e l s  o f  each assayed component i n  normal i n d i v i d u a l s .  A 

c o r r e l a t i o n  m a t r i x  was a l s o  performed f o r  the S i c k l e  C e l l  disease 



TABLE 14 

NORMAL INDIVIDUALS' CORRELATION WTRIX FOR ALPW-,&WlA-, AND 
TUTAL TOCOPHEROL CELL AND PLASMEI 

gamma-cells to ta l- ce l ls  al  pha-pl asma 

alpha-cells -.0259 .7888 ,3580 

gamma-ce 1 1 s ----- ,5941 - ,2634 

gamma-p 1 asma tot  a1 -p 1 asma 

alpha-cells ,1541 ,3556 

g m a - c e l l s  ,6311 - ,0825 

total- cel 1s .5121 .2354 

alpha-plasma ,3547 ,9744 

gamma-p 1 asma - ----- .5557 



72 
p a t i e n t ' s  data, but  care should be exerc ised i n  i n t e r p r e t a t i o n  due 

t o  the l i m i t e d  number o f  samples involved.  Table 15 shows t h i s  

ma t r i x .  Two f i n a l  mat r ices  were performed on the plasma and r e d  

c e l l  values o f  f i v e  normal i n d i v i d u a l s  versus f i v e  S i c k l e  C e l l  

p a t i e n t s .  These c o r r e l a t i o n s  are shown i n  Tables 16 and 17. 

The r a t i o  o f  r e d  c e l l  plasma alpha t o  gamma i n  both normal 

i n d i v i d u a l s  and s i c k l e  c e l l  p a t i e n t s  i s  s h w n  below: 

Normal 

Ce l l  0.21 

Plasma 0.22 

S ick le  Ce l l  

Ce l l  0.51 

Plasma 0.56 

An inspect ion o f  the raw data  generated by the IBM 9000 

showed a  peak e lu ted  a t  approximately 8  minutes on several p a t i e n t  

samples. I f e l t  t ha t ,  cons ider ing  the r e t e n t i o n  t i m e  o f  

- 
del ta- tocopherol , t h i s  peak cou ld  p o t e n t i a l  1 y  represent t h i s  

isomeric form. Tahle 18 shows the raw data f o r  these peaks as 

found i n  the 10 normal i n d i v i d u a l s  and fou r  o f  the s i c k l e  

p a t i e n t s '  c e l l s  and plasma. The mean and standard dev ia t i on -o f  

t h i s  da ta  are shown i n  Table 19. 

An eva luat ion  o f  the method was performed on both pooled 

c e l l u l a r  and plasma samples. R e p r o d u c i b i l i t y  r e s u l t s  are s h w n  i n  

Table 20. The table d e t a i l s  both w i t h - i n  run  and between-run 

r e s u l t s .  Reproduc ib i l i t y  s tud ies  r e f l e c t  the running o f  three - 

separate samples each day f o r  three consecutive days and ana lyz ing  



TABLE 15 

SICKLE CELL PATIENTS' CORRELATION WTRIX FOR ALPHA-, GfVPW-, AND 
TOTCIL TOCOPHEROL CELL AND PlASMFl 

alpha-cells 

gamma-ce 1 1 s 

total-cells 

gamma -cells
L 

total-cells a1 pha-p 1 asma 

,0838 .8090 -. 81 70 
----- ,6536 .20 22 

----- ----- -.SO12 

gamma-p 1 asma 

alpha-cells -.I137 

gamma-cel 1 s ,1327 

total -cell s -. 0081 

a1 pha-pl auna -. 1947 

gamma-p 1 asma ----- 

total -plasma 

-.3123 

- 1  838 

-. 1288 
.0422 

,9718 



TABLE 16 

CORRELATION W T R I X  OF NORMAL INDIVIDWLS'  VERSUS SICKLE CELL 
PATIENTS' PLASMA TOCOPHEROL LEVELS 

a1 pha-normal 

gamma-normal 

tota l  normal 

a1 pha-normal 

gamma-n ormal 

tota l  -normal 

a1 pha-si ckl e 

gamma-sickle 

gamma-normal total-normal alpha-sickle 

-. 0725 ,9583 ,0642 

,2157 -. 0279 

----- ,0538 

gamma-sickle tota l  - sickle 
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TABLE 17 

CORRELATION MATRIX OF N O M L  INDIV IDMLS'  VERSUS SICKLE CELL 
PATIEMS' RED CELL TOCOPHEROL LEVELS 

a1 pha-normal 

gamma-normal 

to t  a1 -normal 

- - 

gamma-normal tota l  -normal alpha-sickle 

'0256 ,7836 .80 38 

----- .6411 .0611 

----- ----- ,6550 

gamma-sickle 

a1 pha-normal -. 1162 

gamma-normal - .7060 

tota l  -normal - .5280 

alpha-sickle - ,2755 

total- sickle 

,6177 

- .4?34 

.I675 

,6669 



TABLE 18 

RAW DATA FOR CELLS AND P L A N  DELTA-TOCOPHEROL (pg/mL> 

Cell Pl asma 

Normal Individuals 

Sickle Cell Patients 

0 . 0 8 0  
not avai 1 able 
0.025 
0 . 0 9 9  



TABLE I? 

MEPN AND STWDARD DEVIATION OF DELTA-TOCOPHEROL FOR N O M L  
INDIVIDUALS AND SICKLE CELL PATlENTS 

(yg/mL) 

Normal I n d i v i d u a l s  

C e l l s  0.021Pt 0.0231 

Plasma 0.1234 + 0.3092 

S i c k l e  C e l l  P a t i e n t s  

C e l l s  0.0255 + 0.0255 

Plasma 0.0680 t 0.0384 



TABLE 20 

REPRODUCI BI LITY OF TOCOPHEROL W L Y S I  S 

A1 pha- tocopherol  (vg/mL) Ganna-tocopherol (#g/mL) 
Mean f S.D. CV/! Mean f S.D. CV,: 

With in- run  

c e l l s  1.07 0 . 1 1  10.5 0.13 i. 0.03 23.5 

p 1 asma 7.79 fi 0.78 9.9 1.05 2 0.10 9.9 

Be tween- run 

c e l l s  1 . 0 5 2 0 . 2 6  2.5 0 .17r_0 .05  31.3 

p 1 asma 7.72 2 0.26 3.4 1.00 t 0.04 4 .1  



each sample f i v e  times f o r  a t o t a l  o f  45 c e l l u l a r  and plasma 

resu l t s .  

Table 21 shows the resu l  t s  o f  p rec is ion  s tud ies  done on 

both the r e d  blood c e l l s  and the plasma . The mean, standard 

dev ia t ion,  and c o e f f i c i e n t  of v a r i a t i o n  were ca lcu la ted  based on 

the running of  one sample four  times. 

Ana ly t i ca l  recovery s tud ies  were a1 so performed. These 

were accomplished by adding 2.5 pg/mL of  the corresponding isomer 

o f  i n te res t  t o  e i t he r  the c e l l s  or the plasma and analyzing the 

sample as normal ly performed. The r e s u l t s  o f  such recovery 

s tud ies  are shown i n  Table 22. 

Representative chromatograms, as der ived by the IBM 9000, 

are shown i n  Figures 14-22 . Figures 14-16 show a 5.0 p g h L  

standard o f  alpha-, beta-, and gamma-tocopherol , respect ive ly ,  

Figure 17 shows a 4.0 pg/mL standard o f  delta- tocopherol.  A 

chromatogram of the alpha-gama standard used i n  the External 
- 

Ca l i b ra t i on  Table i s  shown i n  Figure 18 . Reconstructed 

chranatograrns o f  representat ive normal ind iv idua l  and s i c k l e  c e l l  

pat ients '  c e l l s  and plasma are shown i n  Figures 19-22 . 
- - 



TABLE 2 1  

PRECISION OF TOCOPHEROL W L Y S I  S ( n-4) * 
<pg/mL) 

C e l l s  A1 pha Gama 

S.D. 0 .07 0 .05 

S.D. 0.67 0 '21 

n=number o f  samples 



TABLE 22 

NLYTICAL RECOVERY OF ALPHA- AND GMM-TOCOPHEROL ADDED TO PLASMA 
AND RED CELLS 

A1 pha-tocopherol (pWrnL) Gamma-tocopherol (pg/mL) 

Added Found %Recovery Added Found %Recovery 

- 

* P =  plasma; C =  c e l l  
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Figure 14. Chromatogram of 5.0 pg/mL of Alpha-tocopherol 
- - 



Time:18:20:37 Date:TUE 26 MAY 87 
RECONSTRUCT SCREEN DunP 
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Figure 15. Chromatogram of 5.0 pg/mL Beta-tocopherol 
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Figure 16. Chromatogram of 5.0 pg/mL Gamma-tocopherol 
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Figure 17. Chromatogram of 4.0 pg/mL Delta-tocopherol 
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Figure 18. Chromatogram of Standard Mixture in External Standard 
(0.625 pg/mL gamma-tocopherol and 2.5 pg/mL alpha-tocopherol) 
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Figure 19. Chromatogram of Vitamin E Isomers from a Normal Patients' Red 
Blood Cells 
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Figure 20. Chromatogram of Vitamin E Isomers from a Normal Patients' 
Plasma 
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Figure 21. Chromatogram of Vitamin E Isomers from a Sickle Cell Patients' 
Red Blood Cells 
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Figure 22. Chromatogram of Vitamin E Isomers from a Sickle Cell Patients' 
Plasma - - 



Chapter V I  

Concl us i  ons 

The r e s u l t s  o f  t h i s  research have shown t h a t  HPLC can be 

u t i l i z e d  as a  simple and sens i t i ve  technique f o r  s tudy ing 

tocopherol l e v e l s  i n  human ery throcy tes  and plasma. The HPLC 

method i s  capable o f  separa t ing  each o f  the four  isomeric 

cmponents o f  the incubat ion mix ture  as alpha, be ta  and gamma, and 

del ta. Eva1 uat  i on o f  co l  umn performance showed t y p i c a l  behav i or  

f o r  a  reversed-phase column. The number o f  t h e o r e t i c a l  p l a t e s  

(10,816) agreed w e l l  w i t h  the manufacturer's expected values (30) 

and exemp l i f i es  the h igh  degree o f  e f f i c i e n c y  achievable w i t h  

present day a n a l y t i c a l  columns (24) .  

D e f i n i t i v e  i d e n t i f i c a t i o n  o f  the alpha and beta-gamma peaks - 

was shown c o n s i s t e n t l y  by reproduc ib le  peaks a t  10.4 and 7.4 

minutes, respec t i ve l y .  Fur ther  work i s  needed t o  prove whether - 

the peak e l u t i n g  a t  8 minutes i s  del ta- tocopherol  or  perhaps 

extraneous f luorescence frm the method. The quanti  t y  o f  d e l t a  

a n t i c i p a t e d  t o  be found i s  so low t h a t  v a r i a b i l i t y  i n  i t s  - - 

de tec t ion  cou ld  be due t o  us ing  the same s e n s i t i v i t y  se lec t i on  as 

was used f o r  the de tec t i on  o f  the alpha-and beta-gamma isomers. A 

p o t e n t i a l  s o l u t i o n  i s  t o  analyze f o r  de l ta-  a t  a  d i f f e r e n t  

s e n s i t i v i t y  s e t t i n g  than tha t  u t i l i z e d  f o r  the other  isomers. 

Perhaps t h i s  would lead t o  b e t t e r  de tec t i on  o f  t h i s  isomeric form. - 

Another poss ib le  s o l u t i o n  would be t o  d i v i d e  the 2.0 mL hexane 

ex t rac t ,  evaporate a  1.0 mL p o r t i o n  t o  dryness and r e c o n s t i t u t e  

t h i s  t o  a  smal ler  volume i n  order t o  concentrate the d e l t a  isomer. 



Th is  cou ld  then a l low simultaneous ana lys is  o f  the aforementioned 

isaners by u t i l i z a t i o n  o f  the same s e n s i t i v i t y  se t t i ng .  

The standard curves f o r  each of the isomeric forms show 

l i n e a r i t y  over a wide range of  concentrat ion, but more important ly 

exh ib i ted  l i n e a r i t y  over the range found i n  normal human r e d  c e l l s  

and plasma (32). Th is  a1 lows the invest igator  t o  use a s ing le  

external  standard t o  monitor separate sample ana lys is  runs. 

Consequently, acceptance of  the external  standard resu l  t a1 1 owed 

acceptance o f  pa t ien t  sample resu l t s .  Th i s  created a h igh degree 

o f  confidence i n  running and e l iminated concern introduced by the 

extensive sample pretreatment. Further confidence i n  t h i s  method 

was generated as a r e s u l t  o f  r e p r o d u c i b i l i t y ,  p rec is ion  and 

recovery s tud ies f o r  the isomers i n  most instances. 

Reproducibi 1 i t y  s tud ies  ( Table 18) showed c o e f f i c i e n t s  o f  

va r i a t i on  o f  10% or l ess  f o r  w i  th in- run and between-run s tud ies  

performed on the alpha isaners i n  r e d  c e l l s  and plasma. The gamma 
- 

isomer showed the same coef f  icent  o f  va r i a t i on  f o r  the plasma 

measurements, but much higher (23.5 and 31.3X, respec t i ve ly )  f o r  

the r e d  c e l l  w i th in- run and between-run resu l t s .  I t  i s  speculated 

tha t  t h i s  increased c o e f f i c i e n t  o f  v a r i a t i o n  i s  due t o  the-much 

smaller quan t i t y  of gamma present i n  c e l l s  than i n  plasma 

(approximately a 10- fold d i f fe rence  i n  concentrat ion) ra ther  than 

an actual  method problem. Th i s  coef f  icent  o f  v a r i a t i o n  could 

poss ib ly  be lowered by concentrat ing the hexane ex t rac t  by 
- 

evaporation and recons t i t u t i on ,  thus a l low ing  f o r  an increase i n  

the g m a  component. Overal l ,  hwever ,  the r e p r o d u c i b i l i t y  



s tud ies  ind icate  tha t  t h i s  method i s  acceptable i n  cmpar i s i on  

w i t h  others cu r ren t l y  i n  use (33,341. 

Precis ion s tud ies  (Table 19) ind icated s im i l a r  r e s u l t s  f o r  

c o e f f i c i e n t s  o f  v a r i a t i o n  as were achieved w i t h  the 

r e p r o d u c i b i l i t y  studies.  The alpha component displayed 

c o e f f i c i e n t s  o f  v a r i a t i o n  o f  5 and U ,  respec t i ve ly  f o r  c e l l s  and 

plasma, whereas, gamma showed IYA f o r  c e l l s  and 9 . n  f o r  plasma. 

Again, the concentrat ion o f  the l a t t e r  isomer i s  considerably 

lower than i t s  alpha counterpart and concentrat ion o f  the hexane . 
ext rac t  cou ld  poss ib ly  remedy the la rger  c o e f f i c i e n t s  o f  

va r ia t ion .  

Ana ly t i ca l  recovery o f  alpha and gamma tocopherol i n  both 

plasma and c e l l s  were a l so  evaluated. Table 22 shows that  alpha's 

recovery i n  both c e l l s  and plasma was a t  leas t  85% or more. 

Gamma's recovery was the same percentage f o r  plasma recover ies,  

but c e l l u l a r  values were much lower a t  approximately 6W.. Once 

- 
more, the c e l l u l a r  l eve l  o f  gamma i s  low i n  comparision t o  the 

plasma gamma leve l .  Apparently, such a decrease a f f e c t s  the 

appearance o f  the c e l l u l a r  recovery o f  t h i s  isomer. However, the 

plasma recovery o f  t h i s  isomer ind ica tes  tha t  the method i s -  

capable o f  good recovery when the l eve l  o f  the gamma component i s  

h i gher . 
The mean tocopherol l e v e l s  f o r  normal pat ients '  r e d  c e l l s  

and plasma (Table 11) agree we l l  w i t h  those of pub1 ished r e s u l t s  

(17, 20, 27, 35, 36 and 37). Data u t i l i z e d  i n  these ca l cu la t i ons  
- 

were selected or r e j ec ted  on the bas is  o f  the 2.5d r u l e  (38). 

T h i s  r u l e  i s  appl ied as fo l lows:  



1. )  Compute the mean and the average dev ia t ion o f  the 'good 

resu l t s '  . 
2.)  Find  the dev ia t ion o f  the suspected r e s u l t  from the mean of  

the 'good' ones. 

3.) I f  the dev i a t  ion of the suspected resu l  t f r a n  the mean of 

the 'good' ones i s  a t  l eas t  2.5 times the average dev ia t ion o f  

the 'good' r e s u l t s ,  then r e j e c t  the suspected r e s u l t .  Otherwise, 

r e t a i n  i t .  

The mean plasma tocopherol l e v e l s  o f  each isomer are 

approximately ten times the concentrat ion o f  the corresponding 

c e l l u l a r  isomer i n  normal pa t ien ts .  The mean c e l l u l a r  alpha 

concentrat ion o f  S ick le  Cel l  pa t i en t s  i s  approximately the same as 

tha t  f o r  the normal pa t ien ts .  However, the gamma leve l  i n  these 

pa t i en t s  i s  near ly  three times tha t  o f  a  normal pa t ien ts '  r e d  c e l l  

l eve l .  Th i s  resu l t ed  i n  an overa l l  greater t o t a l  tocopherol leve l  

i n  the r e d  blood c e l l s  o f  S ick le  Cel l  pa t i en t s  than i n  the RBC's 
- 

of normal pat ients .  

Comparision of plasma alpha and gamma between normal and 

S ick le  pa t i en t s  showed s l  i g h t l y  h igher gama l e v e l s  i n  the S ick le  

pa t i en t ,  and-alpha l e v e l s  approximately one-half those of  ~ o r m a l  

pa t ien ts .  Tota l  tocopherol i n  plasma was s l i g h l t y  higher i n  

normal pat ients .  I n  sumary,  S ick le  Ce l l  pa t i en t s  had higher 

1  evel s o f  r e d  c e l l  and plasma gama tocopherol, but  1  ower 1  evel s  

of plasma alpha tocopherol when cmpared t o  normal pa t ien ts .  

- 
Based upon the descr ip t ion  o f  co r re la t i on  matr ices given i n  

the previous chapter, numerous re l a t i onsh ips  can be seen i n  Tables 

14-17. O f  these, the more notable fo l low:  



(1.) A s t rong  negative c o r r e l a t i o n  e x i s t s  between the alpha i n  

r e d  c e l l s  and alpha i n  plasma o f  S i ck le  C e l l  p a t i e n t s  (-.8170). 

42.)  A good p o s i t i v e  c o r r e l a t i o n  e x i s t s  between alpha i n  the r e d  

c e l l s  o f  normal p a t i e n t s  versus alpha i n  S ick le  Ce l l  p a t i e n t s  

( ,80381. 

( 3 . )  A s t rong  negative c o r r e l a t i o n  i s  seen between gamma i n  

normal c e l l s  and gamma i n  S ick le  Ce l l  p a t i e n t s  (.-7060). 

( 4 . )  Another s t rong  negative c o r r e l a t i o n  i s  seen between gamma 

i n  normal plasma and gamma i n  S ick le  Ce l l  p a t i e n t s  plasma 

( - ,6869) . 
(5.1 A p o s i t i v e  c o r r e l a t i o n  (.6869) e x i s t s  between alpha i n  

normal and gamma i n  S ick le  C e l l  p a t i e n t s  plasma. 

Tab1 e 12 shows the 90, 95, and 95% confidence i n t e r v a l s  on 

the mean data  as l i s t e d .  Such values g ive  the reader an 

i n d i c a t i o n  o f  the probabi 1  i t y  o f  an i n d i v i d u a l  observat i on f a1 1  i ng 

outs ide o f  these 1  imi t s  (381. A compar i s i o n  o f  these ind i ca tes  
- 

tha t  normal pa t i en ts '  and S ick le  Ce l l  p a t i e n t s '  r e d  c e l l  alpha 

values assume approximately the same range as do t o t a l  plasma 

l e v e l s  f o r  both populat ions.  

The r a t i o  o f  alpha t o  gamma i n  both c e l l s  and plasma o f  

normal p a t i e n t s  (0.21 and 0.22) was n e a r l y  one h a l f  the r a t i o  

found i n  S ick le  C e l l  p a t i e n t s  (0.51 and 0.56). Therefore, normal 

p a t i e n t s  show a  much higher concentrat ion o f  alpha i n  cornparision 

t o  gamma and S ick le  C e l l  p a t i e n t s  show n e a r l y  equal concent ra t ions  
- 

o f  both isomers. The r a t i o  o f  a lpha t o  gamma f o r  normal p a t i e n t s  

agrees w e l l  w i t h  the publ ished r a t i o  o f  0.27 (39).  



Raw data f o r  normal pa t i en t s  was evaluated and two samples 

were re j ec ted  based upon the 2.5d r u l e  (38). A reca l cu la t i on  o f  

the mean, standard dev ia t ion,  and standard e r ro r  i s  shown i n  Table 

11. As can be seen, r e j e c t  ion of these two values resu l t ed  i n  a 

much smaller standard dev ia t ion f o r  the alpha and t o t a l  plasma 

values. 

The Student's- t Test (38,401 was u t i l i z e d  t o  determine i f  

any s i g n i f i c a n t  d i f fe rences  ex is ted  between normal and S ick le  Cel l  

disease pa t i en t s  r e d  c e l l  and plasma values. A summary of  these 

ca l cu la t i ons  i s  shown i n  Table 23. A s i g n i f i c a n t  d i f fe rence  was 

observed between the gamma and t o t a l  r e d  c e l l  l e v e l s  up t o  the 

99.SA l e ve l .  Plasma alpha l e v e l s  ( a l l  data) were s i g n i f i c a n t l y  

d i f f e r e n t  up t o  the 95% l e ve l ,  whereas, the plasma gamma was 

s i g n i f i c a n t  on ly  t o  the 95% leve l .  The Student's- t values 

presented were evaluated w i t h  the degrees of freedom shown i n  

Table 23. I n  sumary,  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  

- 
between normal and Sick le  Cel l  pa t i en t s  were observed f o r  gamma 

w i t h i n  the r e d  c e l l  and alpha w i t h i n  the plasma. 

Suggestions f o r  f u r t he r  research on Vitamin E l e v e l s  i n  the 

r e d  c e l l s  and-plasma of  normal and S ick le  Ce l l  p a t i e n t s  include 

the f o l  lowing: 

(1.) the use of  hepar in i red samples, which are be l ieved t o  

r e s u l t  i n  increased r a t i o s  o f  RBC:plasma tocopherol (41) 

( 2 . )  i nves t iga t ion  o f  plasma l i p i d  l e v e l s  simultaneously w i t h  

tocopherol i n  order t o  see i f  the t ranspor ta t ion o f  tncopherol 

frm plasma t o  RBC membranes changes when the l i p i d  concentrat ion 

increases (16) 



TABLE 23 

SUWWRY OF STUDENT-t TE!Z RESULTS 

Number o f  degreesof  95% 97. S% 99% 99.  S/. 
Observat ions f reedan 

(N) (N-1) 

Pat ient  Resul t s  

c e l l s  <n=17) 
A1 pha 1.09 
Gamma 3.38** 
Tota l  1.11 

plasma (n=15) 
Alpha(al1 data) 2.67* 

To ta l  3 . 4 4 ~ ~  
A1 pha 8.01*** 

* S t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rence  up t o  the 99.S% l e ve l .  
* * S t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rence  a t  a l l  l eve ls .  
***Data reanalyzed based on c r i t e r i a  f o r  r e j e c t  ion w i t h  the use of  
the 2.5d r u l e .  S t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l l  l eve ls .  



( 3 . )  an understanding o f  why alpha- tocopherol i s  the major 

tocopherol i n  both r e d  c e l l s  and plasma when a t y p i c a l  American 

d i e t  p rov ides  two t o  four  t imes as much gamma-tocopherol as alpha 

(42) 

(4 .1  what the l e v e l s  of the isomeric forms o f  tocopherol are i n  

p a t i e n t s  heterozrgous f o r  S i ck le  C e l l  anemia are i n  canpar is ion  t o  

those of homozygous i n d i v i d u a l s  

( 5 . )  what the l e v e l s  o f  the isomeric forms o f  tocopherol are i n  

p a t i e n t s  w i t h  other hemoglobinopathies, such as Beta- thalassemia 

(43)  and 

(6.) i s  the tocopherol l e v e l  i n  S i c k l e  C e l l  disease p a t i e n t s  

the same f o r  those i n  remission as i t  i s  f o r  those i n  c r i s e s ,  and 

i s  the d i f f e rence  seen i n  t h i s  research between normal p a t i e n t s  

and S i c k l e  C e l l  disease p a t i e n t s  the r e s u l t  o f  ana lyz ing  these 

p a t i e n t s  i n  c r i ses?  
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