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REVERSED-PHASE HIGH PRESSURE LIQUID 
CHROMATOGRAPHY SEPARATION OF 

DEUTERATED COMPOUNDS OF BIOLOGICAL 
IMPORTANCE FROM THEIR PROTIO ANALOGS 

R. Baweja 
School of Pharmacy 

University of Wyoming 
Laram ie, Wyorn ing 820 71 

ABSTRACT 

A rapid and a p rac t ica l  HPLC method with UV-VIS detect ion 
was developed f o r  the separation and ana lys i s  o f  deuterated 
carotenoids from t h e i r  p ro t io  analogs. Four d i f f e ren t  
chromatography systems were developed. The r e s u l t s  showed 
t h a t  with reversed-phase c18 columns i t  was possible t o  
basel ine resolve f u l l y  deuterated carotenoids from the  
nondeuterated analogs. In a1 1 instances  the  deuterated 
compound eluted ahead of i t s  p ro t io  analog indicat ing t h a t  
van der Waals forces  a r e  operational during the separation 
process. Spec i f i c i ty ,  s e n s i t i v i t y ,  and reproduci b i  1 i t y  make 
these methods pa r t i cu la r ly  su i t ab le  i n  p lant  chemistry f o r  
semi -prepara t i  ve pur i f ica t ion  processes and methodol ogi es .  

INTRODUCTION 

Certain photosynthet ical ly  ac t ive  pigments occur i n  

unique s t ruc tura l  un i t s  o f  autotrophic  p lan ts  and a r e  present  
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2610 BAWEJA 

i n  the co lo red  p l a s t i d s  o r  ch lo rop las ts  o f  h igher  p lan ts  

and var ious algae. These special  c h l o r o p l a s t  pigments are 

d i v i d e d  i n t o  th ree  p r i n c i p a l  groups: the green f a t - s o l u b l e  

ch lo rophy l l s ,  the ye l l ow  f a t - s o l u b l e  carotenoids,  and the 

red  and b lue water-so lub le phycob i l i ns .  The carotenoids 

a r e  u s u a l l y  subdiv ided i n t o  two groups: the polyene 

hydrocarbons o r  carotenes, and t h e i r  oxy d e r i v a t i v e s  c a l l e d  

xanthophyl ls.  I n  a l l  t r u l y  au to t roph ic  p lan ts  t h e  more 

abundant c h l o r o p h y l l  g conceals t h e  l e s s  conspicuous ye l l ow  

carotenoid pigments. 

The separat ion o f  c h l o r o p h y l l s  and carotenoids was t he  

o b j e c t i v e  o f  the c l a s s i c a l  s tud ies  o f  Tswett us ing column 

chromatography , S i nce then s uccessf u 1 mod i f i ca t i ons  have 

been made (1). Most land p l a n t s  and most o f  t he  green algae 

y i e l d  the  same c h l o r o p l a s t  pigments. I n  many instances t h e r e  

i s  o n l y  one carotene, B-carotene. These pigments a re  separated 

on a column o f  powdered sugar us ing  petroleum e the r  con ta in ing  

0.5% n-propanol as the  mobi le phase. Xanthophyl ls are best 

resolved on a column o f  magnesia us ing petroleum e the r  

con ta in ing  25% acetone as the  wash. I n  1959 i t  was 

demonstrated t h a t  i t  was poss ib le  t o  grow organisms under 

f u l l y  deuterated cond i t i ons  ( 2 ) .  I n  o the r  words, p r i o r  t o  

t h i s  pe r iod  i t  was be l i eved  t h a t  t h e  replacement o f  hydrogen 

by deuter ium was incompat ib le  w i t h  l i f e .  Th is  d iscovery 

opened new f i e l d s  o f  i so tope  chemist ry  and b io logy.  Many 
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SEPARATION OF DEUTERATED COMPOUNDS 2611 

LUTEIN 

FIGURE 1: Chemical s t r u c t u r e s  o f  B-Carotene 
and Lu te in  

species o f  microorganisms have been c u l t i v a t e d  i n  f u l l y  

deuterated form, and some species o f  h ighe r  p l a n t s  and mammals 

have been p a r t i a l l y  deuterated. Maximum l e v e l s  o f  deu te ra t i on  

have been ascer ta ined and they range from 35% f o r  mammals 

t o  100% f o r  algae, bac te r ia ,  f ung i ,  yeasts,  and v i ruses.  

Replacement o f  H by D i n  l i v i n g  organisms i s  n o t  always 

det r imenta l .  When green algae ( C h l o r e l l a  v u l g a r i s  o r  

Scenedesmus ob l  iquus)  are c u l t u r e d  au to t roph ica l  l y  i n  heavy 

water (99.6% D z O ) ,  the c h l o r o p l a s t  pigments con ta in  deuter ium 

instead o f  hydrogen (3 ,4 ) .  Mixtures o f  t h e  f u l l y  deuterated 

carotenes and xanthophyl Is were resolved by chromatography 

on columns o f  magnesia w i t h  petroleum e the r  p lus  acetone 

as the  solvents.  F u l l y  deuterated pigments were no t  separated 
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2612 BAWEJA 

f r om t h e  o r d i n a r y  hydrogen c o n t a i n i n g  pigments on columns 

o f  powdered sugar. On magnesia columns, however, f u l l y  

deu te ra ted  l u t e i n  was more s t r o n g l y  absorbed than i t s  p r o t i o  

analog; and f u l l y  deu te ra ted  B-carotene was s t r o n g l y  h e l d  

i n  comparison t o  o r d i n a r y  6 -caro tene (5). Complete separa t i on  

o f  t h e  two i s o t o p i c  forms o f  B-carotene was observed w i t h  

t h e  p r o t i o  compound m i g r a t i n g  more r a p i d l y  th rough t h e  column 

than i t s  d e u t e r i o  analog. A s i m i l a r  separa t i on  b u t  n o t  as 

complete was observed w i t h  t h e  l u t e i n s .  

There has been a d e a r t h  o f  r e p o r t s  on t h e  HPLC o f  

ca ro teno ids .  Separa t ion  o f  ca ro teno ids  us ing  HPLC w i t h  s i l i c a  

g e l  as t h e  adsorbent has been s t u d i e d  w i t h  se lec ted  model 

ca ro teno ids  (e .g .  carotenes, d i o l s ,  c i s - t r a n s  isomers and 

d ias te reo isomers ) .  Fas t  and e f f i c i e n t  separa t i on  was ob ta ined  

on an a n a l y t i c a l  sca le  i n c l u d i n g  t h a t  o f  epimers n o t  p r e v i o u s l y  

separated. Reversed phase HPLC was used t o  i s o l a t e  ca ro teno id  

pigments f rom tomato samples ( 7 )  and B-caro tene (100% v i t a m i n  

A -ac t i ve )  was expressed i n  I n t e r n a t i o n a l  u n i t s  o f  v i t a m i n  

A. 

MATERIALS AND METHODS 

Samples o f  d e u t e r i o  6-carotene and p r o t i o  as w e l l  as 

d e u t e r i o  l u t e i n  were ob ta ined  acco rd ing  t o  procedures r e p o r t e d  

e a r l i e r  (1). P r o t i o  6 -caro tene ( L o t  No. B6A) was purchased 

f rom Eastman Kodak Company, Rochester, N . Y .  A l l  so l ven ts ,  
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SEPARATION OF DEUTERATED COMPOUNDS 2613 

aceton i t ri 1 e , methanol , 
and acetone were purchased from Burdick and Jackson Labs., 

Inc. ,  Muskegon, Michigan. Water was prepared by a commercial 

deionizat ion system (Mil l ipore Corporation).  All samples 

were used without f u r t h e r  pur i f ica t ion .  

d i  chl orome t hane , t e t r a  hydro f u ran,  

All o f  the RP-HPLC separat ions were car r ied  out  on a 

Beckman Model 332 l iqu id  chromatograph system equipped with 

two Model llOA metering pumps under the  control of a No. 

421 microprocessor. A Hitachi U V - V I S  variable  wavelength 

spectrophotometer (Model 155-40) was used a s  the de tec tor .  

Samples were introduced by a Model 210 syringe loading 

in j ec to r .  Ultrasphere C18 ODs, 5Ctm, 4.6 mm x 250 mm columns 

w i t h  g rea t e r  than 60,000 theore t ica l  s t a g e s h e t e r  ( a s  measured 

w i t h  the standard tes t  mixture) were used. A 0.5vm p r e - f i l t e r  

was always inser ted  before the  column and careful  a t ten t ion  

was d i rec ted  t o  the removal of pa r t i cu la t e  matter from the 

samples and solvents .  

Two milligrams of 'H-6-carotene was dissolved i n  5 ml 

of methylene chlor ide and 0.25 ml a l iquo t  of t h i s  solut ion 

was fu r the r  d i lu ted  t o  2 ml with addi t ional  methylene ch lor ide .  

A sample of deuterated 6-carotene was prepared i n  a s imi l a r  

manner. In the case of p ro t io  lutein,  1.10 mg was dissolved 

i n  2 ml of tetrahydrofuran and then 0.2 ml of this solut ion 

was d i lu ted  t o  2 ml with addi t ional  solvent .  The solut ion 

containing the deuterated i so topic  form was prepared i n  a 
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2614 BAWEJA 

s imi l a r  fashion. All samples were vortexed and syringe 

f i l t e r e d .  For both 6-carotene and l u t e i n ,  90 ~1 of the d i l u t e  

solut ion of the p r o t i o  i so topic  form was mixed w i t h  100 m l  

of d i l u t e  solut ion of the  deuter io  i so topic  form. Mixing 

unequal volumes o f  i so topic  forms f a c i l i t a t e d  the 

iden t i f i ca t ion  of peaks. Two mic ro l i t e r s  of the sample mixture 

was in jec ted  i n t o  the chromatograph followed by a 5 ~ 1  f lush  

w i t h  mobile phase. Flow r a t e  was kept a t  1 ml/min, and char t  

speed was maintained a t  1 cm/min. B-carotene studies were 

monitored a t  464 nm; lutein was observed a t  453 nm. Retention 

times and capaci ty  f ac to r s  were ca lcu la ted  a f t e r  the completion 

of the r u n .  

RESULTS 

8-carotene i s  the carotenoid most widely found in p lan ts .  

Deuterated B -carotene and i t s  pro t io  analog were e s s e n t i a l l y  

basel ine separated on a reversed-phase column us ing  a solvent  

system of acetonitrile-dichloromethane (70:30 v/v) (Table 1). 

The r u n  was complete i n  19.0 minutes. I t  was noted  t h a t  

*H-B-carotene eluted ahead of 1H-B-carotene. This  was 

confirmed by injecting the two i so topic  forms separa te ly  

and matching the  re ten t ion  time values ( t r )  with the t r  values 

recorded f o r  t he  mixture r u n .  2H-B-carotene e lu ted  i n  15.1 

minutes ( k '  = 4 . 6 )  and 1H-B-carotene had a re tent ion time 

of 17.0 minutes (k '=5 .3 ) .  
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Table  1. Peterrtior. Times And C a p a c i t y  F a c t o r  C h a r a c t e r i s t i c s  
For Carotenoids 

2H-@-CAROTENE 

Mob< 1 Yavelenc - h  of Retention Time!min.) CaFdCity F a c t o r ( k ' 1  
Phase Detect i o n  2H 1H 2H I H  

Carotenoid ( V / V )  (nm) 

1 

1 IH-@-CAROTENE 

Beta Ace t o n i t r i  l e  464 15.1 17 D 4 . 6  5 .3  
Carotene Dichloromfthane 

7C:30 

Beta Acetoni t -i 1 e 4 i d  9.7 10.' 2 6  ?. 9 
Carotene Tetra hydrof u ran 

7C!:30 

2H-@-CAROTENE 

Lute in  

1 

1 IH-@-CAROTENE 

Methanol :Water 
95:5 

t--- 
0 

45 3 

, I 
I , 
5 10 15 20 

11.6 

t--- 
0 

12.6 

, I 
I , 
5 10 15 20 

2.8 

I 

3.3 

Lutei n Acetone:!fater 45 3 1 7 . 4  19 .8  4 . 6  5 . 4  
75:.25 

MOBILE PHASE 
CH3CN : CH2C12 

70 ; 30 
F.R. 1 mllmin 
RANGE 0. I AUFS 
DETECTION 464 nm 

FIGURE 2: Reversed-Phase (c18) - HPLC s e p a r a t i o n  o f  2H-B- 
Carotene f r o m  i t s  p r o t i o  ana log .  
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4 
21.1-LUTEIN 1 

MOBILE PHASE 
CH30H : H 2 0  

95 : 5 
F. R. 1 ml/min 
RANGE 0.1 AUFS 

I H- LUTE I N 

BAWEJA 

I TIME ( m i n l  
2 FIGURE 3: Base l i ne  separa t i on  o f  H-Lute in  f rom 'H-Lutein 

on a CI8 reversed phase column. 

A secona s c l v e n t  sy7tem which a so p rov ided  s a t i s f a c t o r y  

separa t i ons  c o n s i s t e d  of a c e t o n i t r i l e :  t e t r a h y r o f u r a n  (70:30 

v / v ) .  T h i s  system gave a more r a p i d  separa t i on  t h a t  t h t  

p rev ious  one. ZH-8-carotene e l u t e d  i n  9.7 minu tes  (k'=2.6) 

and lH-E-carotene had a r e t e n t i o n  t ime  o f  10.7 minu tes  (k' 

= 2.9,. 

L u t e i n  possesses two hydroxy groups and i s  r e l a t i v e l y  

more p o l a r  than 0-caro tene.  Methanol: water  (95:5 v / v )  gave 

b a s e l i n e  separa t i on  f o r  a m i x t u r e  o f  t h e  two i s o t o p i c  forms 
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SEPARATION OF DEUTERATED COMPOUNDS 2617 

o f  l u t e i n .  Separa t i on  was e f f e c t e d  i n  14.0 m inu tes  w i t h  

2 H - l u t e i n  e l u t i n g  ahead o f  ' H - l u t e i n  w i t h  a tr va lue  o f  11.6 

m inu tes  ( k ' = 2 . 8 ) .  The p r o t i o  ana log  had a r e t e n t i o n  t i m e  

o f  12.8 m inu tes  ( k ' = 3 . 3  . Each i s o t o p i c  fo rm o f  l u t e i n  was 

r u n  s e p a r a t e l y  and t h e  r e t e n t i o n  t i m e  va lues  were compared 

w i t h  those ob ta ined  f o r  t h e  m i x t u r e .  I d e n t i c a l  va lues  were 

recorded.  Acetone: water  (75:25 v / v )  gave s u i t a b l e  separa t i on  

b u t  t h e  peaks were broader  and t h e  r u n  took  22.0 minu tes ;  

l o n g e r  than  f o r  t h e  p rev ious  system. I n  t h i s  system * H - l u t e i n  

e l u t e d  i n  19.8 minu tes  (k'=5.4). 

Both  p r o t i o  B-carotene and p r o t i o  l u t e i n  can be separa ted  

f rom t h e i r  r e s p e c t i v e  d e u t e r i o  forms by RP-HPLC. I n  b o t h  

i ns tances ,  t h e  d e u t e r i o  compound e l u t e d  f a s t e r  than t h e  p r o t i o  

analog. 

DISCUSSION 

I n  chromatographic separa t i ons  o f  ca ro teno ids  (a -ca ro tene  

and l u t e i n ) ,  t he  deu te ra ted  compound e l u t e d  ahead o f  i t s  

p r o t i o  analogs. A t  t h e  o u t s e t  if appears t h a t  such 

chromatographic behav iou r  i s  independent o f  t h e  s i z e  o f  t h e  

molecu le .  R e l a t i v e l y  g r e a t e r  s o l u b i l i t y  o f  t h e  d e u t e r i o  

i s o t o p e  i n  the  mob i l e  phase i s  a p p a r e n t l y  n o t  a f a c t o r .  

I f  s o l u b i l i t y  were a f a c t o r  t hen  i n  some s o l v e n t  system i t  

would be expec ted  t h a t  t h e  d e u t e r i o  compound would e l u t e  

more s l o w l y .  Regardless o f  t h e  compos i t ion  o f  t h e  s o l v e n t  
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system, t h e  d e u t e r i o  compound always e l u t e d  f i r s t .  The e l u t i o n  

o f  t h e  2H- iso top ic  fo rm b e f o r e  i t s  p r o t i o  ana log  suggests 

then t h a t  van der  Waals f o r c e  a re  o p e r a t i o n a l .  Van de r  Waals 

f o r c e s  used i n  t h i s  c o n t e x t  a l s o  encompass t h e  Keesom, Debye, 

and London a t t r a c t i o n  f o r c e s .  A C-H bond has a h ighe r  

o s c i l l a t i o n  f requency  (3300 cm-1) than t h e  C - D  bond (2333.8 

cm-1). Wi th  o s c i l l a t i o n  f requency  an e lec t romagne t i c  f i e l d  

i s  c rea ted  and the  e l e c t r o n s  i n  the  C-H bond a re  sub jec t  

t o  t h i s  f i e l d .  I n  t u r n ,  t h i s  e lec t romagne t i c  f i e l d  f o r  a 

C-H bond c r e a t e s  a l a r g e  induced f i e l d  o f  oppos i te  charge 

i n  o t h e r  molecules around i t . The C-H bond induces g r e a t e r  

f o r c e s  o f  a t t r a c t i o n  between i t s e l f  and t h e  s t a t i o n a r y  phase. 

The C-D bond, on t h e  o t h e r  hand, has a lower  o s c i l l a t i o n  

f requency, a l e s s  e lec t romagne t i c  f i e l d  i s  c rea ted ,  and the  

f o r c e s  o f  a t t r a c t i o n  t h a t  develop between t h e  C - D  bond and 

the  s t a t i o n a r y  phase are  weaker. There fore ,  t he  C-D bond 

w i t h  a l ower  van der  Waals f o r c e  o f  a t t r a c t i o n  e l u t e s  ahead 

o f  i t s  p r o t i o  analog. 

F u r t h e r  exp lana t ion  i s  fo r thcoming on t h e  b a s i s  o f  t h e  

chemical p o t e n t i a l  (N) o f  a component which i s  a measure 

o f  i t s  escaping tendency f rom one phase t o  another .  I t  i s  

an i n t e n s i v e  p roper t y ,  i . e . ,  i t  i s  independent o f  t h e  number 

o f  moles o f  t h e  components. The chemical p o t e n t i a l  o f  a 

component i s  i d e n t i c a l  i n  a l l  phases o f  a heterogeneous system 

when the  phases a r e  i n  e q u i l i b r i u m  a t  a f i x e d  temperature 
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SEPARATION OF DEUTERATED COMPOUNDS 2619 

and pressure .  Each chromatographic t h e o r e t i c a l  p l a t e  i s ,  

i n  essence, an e q u i l i b r i u m  between t h e  mob i l e  phase and the  

s t a t i o n a r y  phase. The escaping tendency o f  t h e  s o l u t e  i s  

t h e  same i n  a l l  p a r t s  o f  t h e  system. A q u a n t i t a t i v e  measure 

o f  t h e  escaping tendency f o r  c o n s t i t u e n t s  o f  a s o l u t i o n  

undergo ing  p h y s i c a l  and/or chemical t r a n s f o r m a t i o n s  i s  t h e  

p a r t i a l  mo la r  f r e e  energy, $$T ,P .  A F  

(AF"298) l i qu id  f o r  D20 I S  -243.5 kJ/mole and f o r  H20 

i t  i s  -237.2 kJ/mole. The nega t i ve  s ign ,  by  convent ion ,  

s i g n i f i e s  t h a t  t h e  process i s  spontaneous. On t h e  b a s i s  

o f  h i g h e r  n e g a t i v e  va lue  f o r  D20 i t  may be assumed t h a t  t h e  

escap ing  tendency f o r  d e u t e r i o  compound f rom t h e  mob i le  phase 

t o  t h e  s t a t i o n a r y  phase and v i c e  versa  i s  g r e a t e r  t h a t  i t s  

p r o t i o  analog. It i s  then  q u i t e  unders tandab le  t h a t  t h e  

d e u t e r i o  s o l u t e  possesses g r e a t e r  s p o n t a n e i t y  and escap ing  

tendenc ies  than i t s  p r o t i o  analog. Consequent ly,  t he  

e q u i l i b r i u m  processes f o r  t h e  d e u t e r i o  compound a re  e s t a b l i s h e d  

f a s t e r  and i t  moves ahead q u i c k e r  t h a n  t h e  compound o f  o r d i n a r y  

i s o t o p i c  compos i t ion .  

Reversed-phase h i g h  pressure  l i q u i d  chromatography has 

been shown t o  be a v e r s a t i l e  t o o l  f o r  separa t i ng  i s o t o p i c a l l y  

analogous compounds. I n  t h i s  s tudy  t h e  compounds were 

i d e n t i c a l  i n  a l l  r espec ts  except  t h e  C-H and t h e  C-D bond 

which d i f f e r  i n  f requency  o f  v i b r a t i o n .  Success fu l  s e p a r a t i o n  

may be a t t r i b u t a b l e  t o  the  v e r y  l a r g e  number o f  t h e o r e t i c a l  
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p l a t e s  ( p l a t e  coun t  > 60,000 p e r  meter )  a t t a i n a b l e  w i t h  

comre rc ia l  l y  a v a i l a b l e  chromatography columns. I t  appears 

t h a t  t h e  l a r g e r  t h e  a l i p h a t i c  C-H component i n  t h e  compound, 

the  e a s i e r  w i l l  sepa ra t i on  be e f f e c t e d .  Wi th  t h e  i nc reased  

p o p u l a r i t y  o f  HPLC and the  a v a i l a b i l i t y  o f  more e f f i c i e n t  

columns, i s o l a t i o n ,  p u r i f i c a t i o n ,  and q u a n t i f i c a t i o n  s t u d i e s  

can now be performed. 
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