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Summary: The level of naturally occurring tocopherols in blood serum of 88 pre- 
term infants, aged from birth to 2 years, was determined by the high performance 
liquid chromatographic (HPLC) method using fluorescence detection. 

In 11 cases, patients were assayed for their tocopherol status in longitudinal 
studies, receiving known amounts  of vitamin E supplements orally and/or parenter- 
ally. No correlation was found between serum alpha-tocopherol level and gesta- 
tional age nor birth weight. All preterm infants receiving the vitamin E preparation 
showed an average serum tocopherol content of more than 0.5 mg/100 ml. The 
highest alpha-tocopherol concentration registered during vitamin E therapy was 
3.28 rag/100 ml. Infusion of Intralipid, a product derived from fractionated soybean 
oil, caused a significant increase of gamma- and delta-tocopherol in blood serum. 
The half-lifc of delta-tocopherol in serum was calculated to be about 24 hours. 

Zusammenfassung: Bei 88 Frfihgeborenen im Alter von 0 bis 2 Jahren wurde der 
Gehalt an natflrlich vorkommendem Tocopherol im Blutserum durch Hochlei- 
stungsflfissigkeitschromatographie (HPLC) mit fluorimetrischer Detektion be- 
stimmt. 

In  11 F~llen wurde w~ihrend eines l~ingeren Zeitraums der Tocopherolstatus yon 
Patienten, die bekannte  Vitamin-E-Pr~parate oral und/oder parenteral aufnahmen, 
untersucht.  Es wurde k e i n e  Korrelation zwischen alpha-Tocopherol-Spiegel und 
Gestationsalter bzw. Geburtsgewicht beobachtet. Alle Frfihgeborenen, die Vit- 
amin-E-Pr~iparate erhielten, wiesen im Durchschnitt  Serum-Tocopherolgehalte yon 
mehr als 0,5 mg/100 ml auf. Die h6chste alpha-Tocopherolkonzentration, die w~ih- 
rend einer Vitamin-E-Therapie gemessen wurde, war 3,28 mg/100 ml. Eine Infusion 
von Intralipid, e inem Produkt,  das aus fraktioniertem Soja61 erhalten wird, verur- 
sachte einen signifikanten Anstieg der gamma- und delta-Tocopherolgehalte im 
Blutserum. Ffir die Halbwertszeit von delta-Tocopherol im Serum wurde ein Wert 
yon etwa 24 S tunden  berechnet. 
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Introduction 

N e w b o r n  i n f a n t s  h a v e  sma l l  b o d y  s tores  of v i t a m i n  E, p a r t i c u l a r l y  t hose  
b o r n  p r e m a t u r e l y  (1). I n  a d d i t i o n  th i s  l ip id  so l ub l e  v i t a m i n  is poo r ly  
a b s o r b e d  f r o m  the  g a s t r o i n t e s t i n a l  t rac t  of  p r e t e r m  b a b i e s  (2). As a n a t u r a l  
a n t i o x i d a n t  a n d  f ree- rad ica l  s c a v e n g e r  v i t a m i n  E p lays  a role  i n  the  p ro tec -  
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t ion  aga ins t  the  d e v e l o p m e n t  of r e t ro len ta l  f ibroplas ia ,  b i l i r u b i n e m i a  and  
o the r  s y n d r o m e s  caused  b y  p e r o x i d a t i v e  d a m a g e  of  cell  m e m b r a n e s  (3-5). 

The  p u r p o s e  of  our  inves t iga t ion  was:  1) to e s t ab l i sh  a v i t a m i n  E profi le ,  
eva lua t i ng  all na tu r a l l y  occur r ing  tocophero l s ,  and  2) to d e t e r m i n e  the  
i n f luence  of  severa l  v i t amin  E s u p p l e m e n t s  on the a m o u n t  and  d i s t r ibu-  
t ion of  the  four  i nd iv idua l  t o c o p h e r o l s  in serum.  

The  d e v e l o p m e n t  of  h igh  p e r f o r m a n c e  l iqu id  c h r o m a t o g r a p h y  (HPLC) 
s y s t e m s  in c o m b i n a t i o n  wi th  f luo romet r i c  de tec t ion  offers op t ima l  ins t ru-  
m e n t a l  cond i t ions  in s epa ra t i ng  and  quan t i f ing  all tocophero l s ,  be ing  b o t h  
ve ry  sens i t ive  and specif ic .  C o m p a r e d  wi th  the  o ther  m e t h o d s  of  vit-  
amin  E de t e rmina t ion ,  the  p r e p a r a t i o n  of b lood  se rum samples  w i t hou t  
s apon i f i ca t ion  or  de r iva t i on  before  c h r o m a t o g r a p h y  has  the  a d v a n t a g e  of a 
r ap id  and n o n - d e s t r u c t i v e  p rocedure .  

M a t e r i a l s  a n d  m e t h o d s  

Serum vitamin E levels of 88 patients were determined; the ages ranged from 
birth to 2 years. Serum samples were obtained from the Children's Hospital of the 
University of Kiel. In 11 preterm infants an attempt was made to establish the 
vitamin E consumption per day in relation to the registered serum tocopherol level. 
All children received as special vitamin E preparation E-Vicotrat (Heyl & Co.). In 
the case of parenteral nutrition, solutions of Intralipid and Multibionta (Merck) 
were given by infusion additionally. Orally applied food consisted of Pre-Aptamil 
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Fig. 1. Chromatograms obtained for separation of tocopherols in Intralipid a) and 
blood serum extracts of a 2 month aged infant before b) and after Intralipid infusion 
c). 
1: alpha-tocopherol 2: beta-tocopherol 
3: gamma-tocopherol 4: delta-toeopherol 
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Table 1. Alpha-tocopherol contents of several infant diets. 

Preparat ion Active substance Content of D-alpha- 
tocopherol 

E-Vicotrat DL-a-TA 100 mg/ampoule 
Multibionta, parent. DL-a-TA 5 mg/10 ml 
Multibionta, orally DL-a-TA 4 mg/35 drops 
Intralipid DL-a-T 0.005 mg/ml 
Pre-Aptamil  DL-a-TA 0.6 mg/100 ml 
Humana I DL-a-T 1.5 rag/100 ml 
Alfar~ DL-a-TA 6 mg/100 g 

T = toeopherol; TA = tocopherol acetate 

(Milupa), Humana I (Humana), Alfar~ (Nestle) or mother 's  milk. Multibionta was 
also administered orally dropwise. The alpha-tocopherol contents of these prepara- 
tions and infant foods are listed in Table 1. The infusional solution of Intralipid 
contains 10 g of fractionated soybean oil per 100 ml and shows the characteristic 
distribution of the four individual tocopherols (Fig. la). Beyond this the variation of 
serum tocopherol  levels of preterm infants given known amounts of vitamin E with 
their food was studied during a longer period. 

Blood serum was prepared for analysis immediately after separation from red 
blood cells; only in some cases the samples were 2 days old. Extraction of 
tocopherols was assayed in regard to the method of Jansson et al. (6). For the 
analysis 200 ~tl serum was pipetted into a 10 • 50 mm centrifuge glass tube and 
deproteinated with 100 Id abs. ethanol by mixing for 30 s on a Vortex mixer. 500 I~1 
distilled n-hexane was then added to the tube, the contents mixed vigorously for 
1 rain and centrifuged at 4000 g for 5 min. The supernatant phase was removed and 
the extraction repeated twice. The combined unpolar phases were dried under 
nitrogen, reconsti tuted in 100 ~1 n-hexane and 20 ~1 was injected for HPLC analysis 
(Fig. lb, c). 
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Fig. 2. Relationship between alpha-tocopherol (a-T.) level and postnatal age. 
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Fig. 3. R e l a t i o n s h i p  b e t w e e n  g a m m a - t o c o p h e r o l  (7-T.) leve l  a n d  p o s t n a t a l  age. 

V i t a m i n  E c o n t e n t  in  s e r u m  s a m p l e s  was  a s s aye d  b y  t he  fo l lowing  FIPLC sys t em:  
Wate r s  Assoc ia tes ,  Inc. ,  c o n s i s t i n g  of  a m o d e l  6000 A so lven t  de l ive ry  sys tem,  a 
m o d e l  W I S P  710 B a u t o m a t i c  l i qu id  c h r o m a t o g r a p h i c  in jec tor ,  a m o d e l  R C M  100 
rad ia l  c o m p r e s s i o n  s e p a r a t i o n  s y s t e m  w i t h  R a d  P a k  ca r t r i dge  8 Si 5 ~t a n d  a m o d e l  
F S  970 f l u o r e s c e n c e  d e t e c t o r  (Schoeffel) .  

T h e  f low ra te  of  t h e  b i n a r y  m o b i l e  p h a s e  u s e d  ( i sooctane:  i sop ropano l ,  99.5:0.5 
v/v) was  2.2 ml /min .  T h e  c o l u m n  e f f l uen t  was  m o n i t o r e d  a t  a n  e x c i t a t i o n  of  
206 n m  w i t h  a n  e m i s s i o n  f i l ter  o f  340 nm .  

R e g i s t e r e d  p e a k  a reas  w e r e  d e t e r m i n e d  b y  a n  i n t e g r a t o r  C-R 1 B (Sh imadzu) .  
S e r u m  t o c o p h e r o l  c o n t e n t s  we re  ca l cu l a t ed  b y  t he  m e t h o d  of  e x t e r n a l  s t a n d a r d  
w i t h  a two  p o i n t  c a l i b r a t i on  curve .  

R e s u l t s  

Profi le study: 

Figures 2 and 3 show the variation of alpha- and gamma-tocopherol 
levels of all 77 infants examined, in relation to time. 

According to the highest correlation coefficients a potential and a hyper- 
bolic function, respectively, were selected as regression curves. 

Table 2. Geometric mean serum concentrations of alpha- (a-T0 and gamma-toco- 
pherol (7-T.) in neonate blood serum. (rag/100 ml). 

G e s t a t i o n a l  age  ( m o n t h )  B i r t h  w e i g h t  (g) S e x  a-T. 7-T. 

29 1010 9 0.60 0.02 
29 1230 ~ 0.45 0.03 
29 1300 d 0.16 0.01 
31 1650 4 0.45 0.01 
32 1500 ~ 0.30 0.05 
34 2200 ~ 0.26 0.01 

35/36 1740 ? 0.53 0.02 
38 2900 ~ 0.55 0.00 
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Fig. 4. Tocopherol serum levels of preterm infant (birth weight: 1650 g, gestational 
age at birth: 31 weeks) during vitamin E therapy. (A: alpha-tocopherol, B: gamma- 
tocopherol, C: delta tocopherol). 

Dur ing  the first mon ths  of  life, the  mean  alpha- tocopherol  levels 
i nc reased  f rom 0.527 __+ 0.334 (0-1 month)  to 0.914 + 0.402 (1-6 months)  and 
1.027 + 0.450 (6-24 months)  mg/100 ml. In  contrast  to this f inding mean  
gamma- tocophe ro l  contents  of  these three age groups  did not  differ sig- 
nificantly. There  was no correlat ion be tween  these two tocopherols  in 
serum. 

Alpha-  and gamma- tocophero l  levels are demons t ra ted  in Table 2 for 
8 cases at the t ime of  birth. No correlat ion was seen be tween  the alpha- 
tocophero l  conten t  and gestational age nor  birth weight. The mean  values 
for alpha- and gamma- tocophero l  were 0.41_+0.16 ( x + s )  and 
0.02 _+ 0.02 mg/100 ml serum, respectively. 

Infants  receiving Intral ipid infusion show a significantly higher  content  
of  gamma- tocophe ro l  in blood serum. Respectable  amounts  of delta- 
tocopherol ,  wh ich  has normal ly  not  been detected,  were also registered 
(Fig. lc). The level of  gamma-  and del ta- tocopherol  in sera depends  on the 
dosage and dura t ion of  Intral ipid infusion. A gamma- tocophero l  conten t  
of  more  than  0.5 rag/100 ml was reached frequently.  

L o n g i t u d i n a l  s tudy :  

The exogenous  v i tamin  E supplements  of  11 premature  babies were  
moni to red  in longi tudinal  studies. In  Figure 4 the relation be tween 
tocophero l  concent ra t ion  in serum and age is presented f rom one of  these 
p rematu re  babies in detail; the results of the other  10 cases show analog- 
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ous effects.  The  daily dosage  of  med ic ines  and  the  co r r e spond ing  calcu- 
la ted v i t a m i n  E con ten t  of  s u p p l e m e n t s  are l isted be low the  figure. In  all 
p r e t e r m  bab ies  a lpha- tocophero l  va lues  increased  af ter  infus ion  wi th  E- 
Vicotrat ,  In t ra l ip id  and  Pre-Aptami l .  Al ready  at the  first  day  af ter  bir th,  
s e r u m  has  a tocophero l  con ten t  o f  m o r e  than  0.5 rag/100 ml  on average,  
wh ich  is recognized  as a lower  t han  no rm a l  limit. The  h ighes t  s e rum alpha- 
t ocophe ro l  concen t ra t ion  ob ta ined  dur ing  v i t amin  E t h e r a p y  was  mea-  
su red  at 3.28 rag/100 ml, bu t  the  m e a n  m a x i m u m  va lue  was  2.29 rag/ 
100 ml. 

After  r each ing  the  m a x i m u m ,  the  a lpha- tocophero l  level  fell b a c k  to a 
lower  p la teau  b e t w e e n  1.0 and  1.5 rag/100 ml. In fus ion  of  In t ra l ip id  caused  
a s ignif icant  increase  of  g a m m a -  and  an a p p e a r a n c e  of de l ta - tocophero l  in 
b lood  s e r u m  in de tec tab le  amounts .  On s topp ing  the  supp ly  of  non-a lpha-  
tocophero ls ,  the  concen t ra t ions  dec reased  to the  fo rmer  levels. 

D i s c u s s i o n  

Most  inves t iga t ions  of  h u m a n  v i t amin  E s ta tus  have  been  carr ied out  as 
s ingle de t e rmina t ions  of  total  tocophero l  or  of  a lpha- tocophero l  us ing  the  
pho tome t r i c a l  E m m e r i e - E n g e l  m e t h o d  (7). Many  s tudies  failed to distin- 
gu ish  the  four  ind iv idua l  tocophero l s  of  differ ing biological  act iv i ty  (8). 
Because  the  non-a lpha- tocophero l s  are k n o w n  to be  p resen t  in h u m a n  
b reas t  milk,  c o m m e r c i a l  formulas ,  and o ther  nutr i t ional  products ,  it has  
b e c o m e  i m p o r t a n t  to separa te  b lood  tocophero l s  b y  a new sensi t ive  and  
se lec t ive  t e c h n i q u e  such as HPLC.  

Only  a few s tudies  on the re la t ionship  be tween  infant  fo rmula  diets  or 
t ocophe ro l  s u p p l e m e n t s  and b lood  s e r u m  tocophero l  of  p r e m a t u r e  bab ies  
have  been  pub l i shed  (9-11). Mino et al. (12) d e t e r m i n e d  larger  a m o u n t s  of  
a lpha - tocophero l  in p l a s m a  of  breas t - fed  infants  in compar i son  to bott le-  
fed infants.  

The  v i t amin  E profi le  of  our  e x a m i n e d  g roup  of 77 infants  leads to no 
s ignif icant  corre la t ion b e t w e e n  s e r u m  tocophero l  level and  age. This  is 
a sc r ibed  to the  he t e rogeneous  compos i t i on  of pa t ien ts  in a ch i ldren ' s  
hospital .  

This  f inding was  m e n t i o n e d  by  o ther  au thors  (12) recently.  S o m e  of the  
va lues  f rom Figures  2 and  3, especia l ly  in the first month ,  are ve ry  high. 
This  effect  could be  exp la ined  by  an increased  abso rp t i on  of the v i t amin  E 
admin i s te red .  

The re  is no corre la t ion b e t w e e n  alpha- and  g a m m a - t o c o p h e r o l  levels. 
The  in t r avenous  s u p p l e m e n t a t i o n  of In t ra l ip id  or o ther  artificial fo rmulas  
s ignif icant ly  inf luences  the  level of  g a m m a -  and  de l ta - tocophero l  in b lood 
se rum.  On the  o ther  hand ,  h igh  dosage  of  a lpha- tocophero l  causes  a rap id  
r e s p o n s e  in its s e r u m  concent ra t ion .  

In  order  to r educe  these  inf luences  of  d i f ferent  nut r i t ional  and  medica l  
t r ea tmen t s ,  a g roup  of  11 chi ldren  g iven k n o w n  a m o u n t s  of  v i t amin  E wi th  
the  diets was  inves t iga ted  dur ing  a longer  period.  Since p r e t e r m  infants  
ab so rb  orally appl ied  tocophe ro l  poorly,  the  s u p p l y  was admin i s t e r ed  
parentera l ly .  The  resul t ing  s e r u m  a lpha- tocophero l  concen t ra t ions  rose  to 
m o r e  t h a n  1.2 mg/100 ml. This  va lue  is to be  r ega rded  as a concen t ra t ion  
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limit, p revent ing  risks like retrolental  fibroplasia dur ing short  pregnancy,  
low birth weight  or malabsorpt ion  syndromes  (5). Cruz et al. (13) even 
suppose  that  a concent ra t ion  of  more  than 2 rag/100 ml would  be needed  
to be clinically efficient. An increased appearance  of  necrot izing 
enterocolit is  caused by a tocopherol  level of more  than 3.5 mg/100 ml was 
registered by  Sobel  (14). In  our s tudy this high concent ra t ion  level was 
never  reached.  The por t ion of absorbed  food-tocopherols  is very low, 
general ly the a lpha- tocopherol  supply  of  daily applied infant formula  diet 
(1.7 m g  in the main) was found to be insufficient to stabilize the serum 
level. Colburn  and Ehrenkranz  (15) suppose  that  4-5 mg per day dur ing 
the first weeks  in the nutr i t ion of pre term infants is enough  to maintain  
serum tocophero l  levels. Dal lmann (16) and Jansson  et al. (17) even recom- 
m e n d  5-10 m g  alpha- tocopherol  per day to cover the needs. 

All analyzed blood samples of  chi ldren fed a synthet ical  infant milk 
conta in  no detectable amoun t s  of  delta-tocopherol.  Only in the serum of 
chi ldren infused parenteral ly  with Intralipid, do relatively high concentra-  
t ions of  gamma-  and del ta- tocopherol  directly reach the blood. As demon-  
strated in Figure  4, the non-a lpha- tocopherol  level correlates significantly 
to the infused a m o u n t  of  Intralipid. The calculated tu rnover  rate of  delta- 
tocopherol ,  w h e n  the supply  of  Intral ipid has been stopped,  is in good 
ag reement  with the recent ly  publ ished half-life value (44 h) for alpha- 
tocopherol .  The half-life of  del ta- tocopherol  de te rmined  in our  s tudy  is 
clearly lower  than that  of  alpha-tocopherol ,  in accordance  with a former ly  
pos tu la ted  sequence  (18). 
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