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Stud ies  of the M e t a b o l i s m  of a V i t a m i n  E Ana log  

The  m e t a b o l i s m  of v i t a m i n  E (c~-tocopherol) in var ious  
a n i m a l  species has  b e e n  i nves t i ga t ed  b y  a n u m b e r  of 
workers  a n d  t h e  resu l t s  are s o m e w h a t  confl ic t ing.  
~V[ELLORS a n d  McC. BARNES z r ecen t ly  rev iewed these  
results .  

The  on ly  in v i t ro  s tud ies  on  t he  m e t a b o l i s m  of a- 
t ocophe ro l  in  r a t  l iver  h o m o g e n a t e s  were those  r epo r t ed  
b y  SEWARD a n d  CORWlN 2. I n c u b a t i o n  of r a t  l iver  h o m o -  
gena tes  w i t h  a - tocophero l  u n d e r  cond i t ions  where  no 
o x i d a t i v e  b r e a k d o w n  can  occur  d id  n o t  lead to  a n y  
t r a n s f o r m a t i o n  p roduc t s .  

W e  h a v e  s tud ied  t he  in v i t ro  t r a n s f o r m a t i o n  
of 6-hydroxy-2 ,  2, 5, 7, 8 - p e n t a m e t h y l  c h r o m a n  wh ich  
differs  f rom cr on ly  in h a v i n g  t h e  p h y t y l  g roup  
rep laced  b y  a m e t h y l  group.  Th i s  c o m p o u n d  was pre-  
p a r e d  w i t h  a C z~ labe l  in  t he  5 -me thy l  g roup  b y  r eac t ing  
Zn(C14N)2, p r e p a r e d  f rom KCI4N a n d  ZnC12, w i t h  6- 
h y d r o x y - 2 , 2 , 7 , 8 - t e t r a m e t h y l  c h r o m a n  to  yie ld  t h e  5- 
a l d e h y d e  wh ich  was  r educed  w i t h  Zn(Hg)  to  t he  desired 
ch roman .  The  i n t e r m e d i a t e  a ldehyde  was s epa ra t ed  f rom 
u n r e a c t e d  s t a r t i n g  m a t e r i a l  b y  p r e p a r a t i v e  silica gel G 
c h r o m a t o g r a p h y  (a ldehyde ;  R f  0.66; s t a r t i n g  ch roman ,  
R f  0.33) deve loped  w i t h  CHC13. Af te r  r educ t i on  of t he  
pur i f ied  a ldehyde  to  t he  ch roman ,  i t  was  recrys ta l l ized  
f rom p e t r o l e u m  e the r  (bp 60-110 ~ un t i l  on ly  one spot  
showed  on  sil ica gel G t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) ; 
(Rf 0.50; CHC13). Th i s  c h r o m a t o g r a p h i c  b e h a v i o r  was  
iden t ica l  w i t h  t h a t  of a n  a u t h e n t i c  sample  of 6 -hydroxy-  
2, 2, 5, 7, 8 - p e n t a m e t h y l  c h r o m a n .  T he  I R -  a n d  N M R -  
spec t r a  of t he  labeled  a n d  cold m a t e r i a l  were also ident ical .  
The  a c t i v i t y  was  1.62 m c / m M  and  all  of t he  r a d i o a c t i v i t y  
was p r e sen t  a t  t h e  single spo t  due to  the  ch roman .  

Livers  f rom r a t s  a n d  r a b b i t s  t h a t  were p r e t r e a t e d  w i t h  
p h e n o b a r b i t a l  (38 mg, i.p., twice  da i ly  for 3 days)  were 
used. The  h o m o g e n a t e  was  p r e p a r e d  as p rev ious ly  re- 
p o r t e d  3. I n c u b a t i o n  was car r ied  ou t  us ing  a p p r o x i m a t e l y  
0.8 m g  of c h r o m a n  in a f inal  vo lume  of 2.8 ml  in a 20 ml  
b e a k e r  for 2 h a t  37 ~ us ing  a D u b n o f f  me tabo l i c  shaker .  
The  i n c u b a t i o n  was t e r m i n a t e d  b y  a d d i n g  0.5 ml  of 
0 .1N  HC1. 

I so l a t ion  of m e t a b o l i t e s  was  b y  e the r  e x t r a c t i o n  fol- 
lowed b y  e x t r a c t i o n  of t h e  aqueous  layer  w i t h  e t h e r :  
e t h a n o l  (2:1) a f te r  ha l f  s a t u r a t i o n  w i t h  a m m o n i u m  
sulfate.  

I n  v iew of t h e  confus ion  in t he  l i t e r a tu re  r ega rd ing  t rue  
m e t a b o l i t e s  of cr a n d  a r t i f ac t s  fo rmed  b y  
ox ida t ion ,  t h e  fol lowing e x p e r i m e n t s  were pe r fo rmed  w i t h  
resu l t s  seen in Tab le s  I - V I .  T h e  conclusions  f rom these  
resu l t s  are  t h a t  (1) t r a n s f o r m a t i o n  of t he  c h r o m a n  is 
g r ea t e s t  in  t h e  case where  cofactors  are p r e s en t  (Table  I) ; 
(2) t he  n o n a q u e o u s  e x t r a c t  con ta ins  d imer  or t r i m e r  model  
in  t h e  con t ro l  e x p e r i m e n t s  where  no  cofactors  were 
p r e s e n t  or  t he  e n z y m e  was  h e a t  d e n a t u r e d  (Table  I I ) ;  
(3) a d d i n g  H 2 0  2 to  t h e  con t ro l  e x p e r i m e n t s  did  no t  resu l t  
in  a n  increase  in  t h e  a m o u n t s  of me tabo l i t e s  fo rmed  
(Table  I I I ) ;  (4) i n c u b a t i o n  u n d e r  n i t rogen  r a t h e r  t h a n  in 
a i r  d id  n o t  af fec t  t h e  con t ro l  e x p e r i m e n t  b u t  resu l ted  in 
less t r a n s f o r m a t i o n  of t he  c h r o m a n  to po la r  p r o d u c t s  in  
t he  e x p e r i m e n t a l  g roup  (Table  IV) ;  (5) t h e  resu l t s  us ing  
r a t  l iver  are  v e r y  m u c h  l ike those  us ing  r a b b i t  l iver  

(Table  V) ; (6) t ocophe ro lqu inone  mode l  and  d i m e r  mode l  
are fo rmed  in t h e  con t ro l  e x p e r i m e n t s  as well  as in  t he  
e x p e r i m e n t a l  g roup  where  cofac tor  was  p re sen t  (Table  VI)  ; 
a n d  (7) f inally,  new, po la r  me tabo l i c  p r o d u c t s  were 
fo rmed  (Table  VI).  

I n c u b a t i o n  of t he  e x t r a c t  f rom t h e  aqueous  layer  
(Table  VI)  w i t h  gluculase (Endo),  g l u c u r o n i d a s e  a n d  sul- 
fa tase,  in  a 5.5 p H  ace t a t e  buf fe r  for 3 h a t  37 ~ r e su l t ed  

Table I. Incubation of 6-hydroxy-2, 2, 5, 7, 8-pentamethylchroman-5- 
methyl-C 14 (rabbit liver) 

Experiment Ether extract Aqueous 
(cpm) (cpm) 

Control (no cofaetors) 8,696,000 66,960 
Control (heat denatured) 8,772,000 181,620 
Experimental (with cofactors) 8,264,000 864,000 

Table II. Silica gel GF thin-layer chromatography of extracts �9 
(CHC18 developed) (rabbit liver) 

Experiment (ether extracts) Conclusions b (products present) 

Control (no cofactors) 
Control (heat denatured) 
Experimental (with cofactors) 

Chroman, dimer or trimer 
Chroman, dimer or trimer 
Chroman, dimer or trimer, 
2 spots (0.1, 0.2) 

Spots were detected by means of radioautography, b Identification 
was by comparison of TLC behavior with that of authentic samples. 

Table III. Incubation of 6-hydroxy-2, 2, 5, 7, 8-pentamethylchroman- 
5-CZ4-methyl (rabbit liver) 

Experimental Ether extract Aqueous 
(cpm) (cpm) 

Control (no cofactors) 2,500,000 40,100 
Control (heat denatured) 1,938,000 30,500 
Control (no cofaetor + H~O~) 2,438,000 31,050 
Experimental 1,896,000 317,500 

Table IV. Incubation of 6-hydroxy-2,2, 5, 7, 8-pentamethylchroman- 
5-CZ4-methyl (rabbit liver) 

Experimental Ether extract Aqueous 
(cpm) (cpm) 

1 A. ]V[ELLORS and M. McC. BARNES, Dr. J. Nutr. 20, 69 (1966). 
C. R. SEWARD and L. M. CoRwIs, Arch. Biochem. Biophys. 101, 
71 (1963). 

8 j .  TAGG, D. YASUDA, M. TANABE and C. MITOMA, Biochem. 
Pharmac. 16, 143 (1967). 

Control (heat denatured, air) 3,076,900 45,750 
Control (heat denatured, N~) 3,333,350 58,750 
Experimental (air) 3,076,900 447,000 
Experimental (N~) 3,636,350 200,000 
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Table V. Incubation of 6-hydroxy-2,2,5,7,8-pentamethylchroman- 
5-C14-methyl (rat liver) 

Experiment Ether extract Aqueous 
(epm) (epm) 

Control (no cofaetor) 2,678,600 63,125 
Experimental (with eofactor) 1,810,400 755,500 

Table VI. Silica gel GF thin-layer chromatography of extracts ~ (rat 
liver) 

in sp l i t t ing  of 2 of the  polar  mater ia l s  (Rf 0.49 and  0.55) 
to  yield t he  original ch ro man  and e - tocophero lqu inone  
mode l  which  were p resen t  as glucuronides.  These com- 
p o u n d s  were  ident i f ied  by  r e c h r o m a t o g r a p h y  on TLC wi th  
CHCI~ as the  developing solvent  along wi th  au then t i c  
mate r ia l  and  by  compar i son  of the i r  I R - s p e c t r a  w i th  those  
of au then t i c  samples.  

Thus,  we conclude t h a t  t r an s fo rma t i o n  p roduc t s  of 
v i t a m i n  E fo rmed  by  air ox ida t ion  or by  liver peroxidases  
can account  for m a n y  of the  previous ly  ident i f ied 'me ta -  
bol i tes '  repor ted .  In  the  case of the  analog of e - tocophero l  
used in these  exper iments ,  new water-soluble  metabo l i t es  
were produced.  I t  is possible t h a t  analogous metabo l i t e s  
would be formed if e - tocopherol  were s tudied  in th is  way  
and we in tend  to  inves t iga te  th is  possibil i ty.  

Experiment Conclusions b (radioactive products 
formed) 

Control-ether extract (CHC1 a 
developed) 
Experimental-ether extract 
(CHC13 developed) 

Experimental-aqueous layer 
(BuOH/HOAe/H20 , 13/3/5} 

Origin, tocopherylquinone model, 
chroman, dimer 
Origin, toeopherylquinone model, 
unknown (Rf 0.20), chroman, 
dimer 
Unknown (0.34), unknown (0.39), 
unknown (0.49), unknown (0.55), 
unknown (0.64), unknown (0.71), 
unknown (0.79) 

Spots detected by means of radioautography, b Identification of 
products was by comparison of TLC behavior with authentic samples. 

Rdsumd. Le m6tabol i sme in v i t ro  du 6-hydroxy-  
2, 2, 5, 7, 8 -pen tam6thy lechromane-5-m6thy le -C  14 a 6t6 6tu- 
di6 sur des soies homog6n6ifi6es de ra t s  e t  de lapins. Lors- 
que les compos6s homog6n6ifi6s n ' o n t  pas  6t6 renforc6s 
pa r  un sys t6me g6n6rateur N A D P H  ou d6natur6s par  la 
chaleur,  aucunes  quant i t6s  signif icat ives de m6tabol i tes  
hydrosolubles  ne se sont  form6es. Pa r  contre,  d u r a n t  les 
exp6riences de contr61e, plusieurs p rodu i t s  d ' o x y d a t i o n  
on t  apparu .  

W. A. SKINNER, IV[. LEAFFER, 
J. JOHANSSON and C. MITOMA 

Li/e Sciences Research, 
Stan/ord Research Institute, 
Menlo Park (Cali/ornia 94025, USA), 21 December 5969. 

N-Dimethylated Indoleamines in Blood of Acute 

The psychotogenic i ty  of d i m e t h y l a t e d  indoleamines  is 
well recognized at  least  for N - d i m e t h y l t r y p t a m i n e  
(DMT) 1,2. Though there  have  been several  s tudies  on the  
u r inary  excret ion of these  N - d i m e t h y l a t e d  indoleamines  
in schizophrenia  a, there  is no repor t  of a s imilar  s tudy  on 
blood samples.  This p re l iminary  communica t ion  presen ts  
our resul ts  on blood samples  of acute  and chronic schizo- 
phren ic  pat ients .  

Subjects. Five acute  unmed ica t ed  schizophrenics  wi th  
d i s tu rbed  behavior ,  hal lucinat ions  and  parano id  delu- 
sions, 9 chronic schizophrenics  no t  exper iencing  be- 
haviora l  exacerba t ions  and wi th  his tories  of long hospi-  
ta l izat ion,  2 normals  f rom the  Labo ra to ry  staff,  and 1 de- 
press ive pa t i en t  were chosen for th is  s tudy.  Blood samples  
were  d rawn f rom these  subjec ts  before breakfas t ,  col- 
lected in oxala te  and s tudied  immedia te ly .  

Methods. The free amines  were worked  up essent ial ly  
b y  the  same procedure  as descr ibed by  GRoss and  
FRANZEN 4. The HC1 ex t rac t s  were pooled and used for 
spec t rof luoromet r ic  examina t ion .  These ex t rac t s  were 
t h e n  lyophilized,  t aken  up in 5 ml  of bora te  buffer  (pH 
10.2), and ex t rac ted  twice wi th  10 ml of e thy l  acetate ,  the  
ex t r ac t  concen t ra ted  to a volume of 100 al and used for 
th in- layer  c h r o m a t o g r a p h y  (TLC) and gas-l iquid chroma-  
t o g r a p h y  (GLC). 

The aqueous layer  f rom the  free amine  ex t r ac t  was 
acidified to p H  2 wi th  concen t ra t ed  HC1 and  hydro lyzed  
by  hea t ing  in a boiling wa te r  b a t h  for 10 min.  The con- 
j uga t ed  amines  were then  ex t rac ted  as descr ibed earlier. 

The acid ex t rac t s  were t r ea ted  wi th  0.3 ml  of concen- 
t r a t ed  HC1 and read on an Aminco B o w m a n  spectro-  

Schizophrenics 

f luorometer  a t  ac t iva t ion  295 nm. A m a x i m u m  at  550 n m  
in the  emission spec t rum was considered posi t ive  for 5- 
m e t h o x y - N - d i m e t h y l t r y p t a m i n e  and bufotenin .  

The final e thy l  ace ta te  concen t ra tes  were used for two-  
d imens iona l  th in- layer  c h r o m a t o g r a p h y  on a silica gel G 
pla te  (0.25 mm) wi th  ch lo ro fo rm-wa te r - ammonia  (12 : 7 : 1 ), 
i sopropanol ,  a m m o n i a  (10%), wa te r  (8: 1: 1) as so lvent  
sys tems,  p -D i me t h y l an l i n o c i n n ama l d eh y d e  and  diazo- 
t ized O-tolidine were used as spray  reagents .  

The concen t ra tes  were also run on a 6 f t  3% SE-30 
column at  180 ~ i so thermal ly  w i th  s t anda rds  run  sepa- 
ra te ly  and also mixed  wi th  the  samples.  R e t e n t i o n  t imes  
and  spiking of peaks  of samples  mixed  wi th  s t anda rds  
were used for ident i f ica t ion of GLC peaks.  In  2 blood 
samples  of acute  schizophrenics,  we ob ta ined  large enough 
quan t i t i e s  of t he  free amine  f ract ions  to  p repare  der iva-  
t ives.  One of these  amine  f ract ions  was used to  p repa re  a 
t r imethy l s i ly l  der iva t ive  (TMS) according to  the  m e t h o d  
developed here by  NARASIMHACHARI et  al. ~ and  the  o the r  
for a hep ta f luorobu ty r i l  (HFB) der iva t ive  by  the  m e t h o d  
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