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A SIMPLE L I Q U I D  CHROMATOGRAPHIC METHOD 
FOR QUANTITATIVE EXTRACTION O F  HYDROPHOBIC COMPOUNDS 

FROM AQUEOUS SOLUTIONS 

Joanne 0. Whitney and M. Michael Thaler  
Department of Pediatr ics ,  Univers i ty  of C a l i f o r n i a  

San Francisco,  C a l i f o r n i a  94143 

ABSTRACT 

W e  a r e  repor t ing  a r ap id ,  high-capacity l i q u i d  
chromatographic method f o r  q u a n t i t a t i v e  e x t r a c t i o n  and 
concent ra t ion  of hydrophobic compounds from b i o l o g i c a l  
f l u i d s  and aqueous s o l u t i o n s .  Samples are i n j e c t e d  
i n t o  commerically-available c a r t r i d g e s  (Sep-Pak C 1 g R )  
conta in ing  a mic ropa r t i cu la t e ,  reversed phase packing 
which r e t a i n s  hydrophobic compounds. Inorganic  sa l t s  
and organic  hydrophi l ic  contaminants are removed wi th  a 
water wash. Hydrophobic compounds are e l u t e d  quant i -  
t a t i v e l y  with minimal volumes (1.5 m l )  of o rgan ic  
so lven t s .  As demonstrated with r ad io l abe led  tauro-  
c h o l a t e ,  th in- layer  chromatography, enzymatic f luorim- 
e t r y  and c a p i l l a r y  gas chromatography, complete re- 
covery of b i l e  s a l t s  from l a r g e  volumes of u r i n e ,  
serum, amniotic f l u i d  and hydro lys is  r e a c t i o n  mixtures  
was achieved a t  f l o w  rates up t o  20 ml/min. A s i n g l e  
c a r t r i d g e  concentrated approximately 50 mg of e i t he r  
t au rocho la t e  o r  t h e  more p o l a r  b i l e  s a l t ,  t a u r o l i t h o -  
cho la t e  s u l f a t e .  The technique is  simple and  app l i c -  
a b l e  t o  t h e  i s o l a t i o n  of a wide range of hydrophobic 
comFounds from aqueous s o l u t i o n s .  

INTRODUCTION 

Q u a n t i t a t i v e  i s o l a t i o n  of hydrophobic compounds 

from b io log ica l  f l u i d s  and o the r  aqueous s o l u t i o n s  is 
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546 WITNEY AND THALER 

t echn ica l ly  d i f f i c u l t ,  time-consuming and o f t e n  expen- 

s ive .  Liquid e x t r a c t i o n  r equ i r e s  l a r g e  volumes of 

p o t e n t i a l l y  t o x i c  organic  so lven t s  and may in t roduce  

s i g n i f i c a n t  contamination (1). So l id  e x t r a c t i o n  on 

Amberlite XAD-2 columns ( 2 )  n e c e s s i t a t e s  e l a b o r a t e  

p r e p u r i f i c a t i o n  of t h e  r e s i n  ( 3 , 4 ) ,  copious so lven t s  

and c a r e f u l  c o n t r o l  of both flow rate  and q u a n t i t y  of 

sample ( 5 ) .  We have developed a method using comer -  

c i a l l y  a v a i l a b l e  c a r t r i d g e s  packed with a non-select ive 

o c t a d e c y l s i l y l  mic ropa r t i cu la t e  phase (Sep-Pak C18R) , 

f o r  t h e  q u a n t i t a t i v e  s o l i d  e x t r a c t i o n  of b i l e  s a l t s  

from ur ine ,  serum, amniotic f l u i d  and hydro lys is  reac- 

t i o n  mixtures.  The technique is  r ap id ,  r equ i r e s  mini- 

m a l  equipment, u ses  l imi t ed  volumes of. o rganic  so lven t  

and should f i n d  wide app l i ca t ion  i n  the i s o l a t i o n  of 

hydrophobic compounds from aqueous s o l u t i o n s .  

MATERIALS AND METHODS 

Sep-Pak C I a R  bonded c a r t r i d g e s  (approximately 1 cm 

long x 1 cm I . D . ,  w i t h  a void volume of % 0.44 m l ) ,  were 

purchased from Waters Associates ,  Inc.  (Milford,  MA.). 

Normal u r ine ,  u r i n e  from p a t i e n t s  w i t h  l i v e r  d i s e a s e ,  

ncrmal a d u l t  serum, and pooled amniot ic  f l u i d  c o l l e c t e d  

f o r  d i agnos t i c  purposes, were used wi th  permission of 

the Human Experimentation Committee a t  U.C.S.F. 

,Recovery was monitored by add i t ion  of approxi- 

mately 4.0 x lo5 dpm of (3H) t aurochola te  t o  t h e  sample 
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QUANTITATIVE EXTRACTIONS OF HYDROPHOBIC COMPOUNDS 547 

before  e x t r a c t i o n  except i n  one experiment where u r i n e  

( 5 0  m l )  w a s  l abe led  wi th  3.6 x l o 4  dpm of (35S) tauro-  

l i thochola te -3-su l fa te .  Urine and amniot ic  f l u i d  were 

ad jus ted  t o  pH 4 . 0  with  4N HC1,  and f i l t e r e d  through 

0 . 4 5  LI m i l l i p o r e  f i l ters .  Serum w a s  d i l u t e d  w i t h  an 

equal amount of water.  Standard s o l u t i o n s  conta in ing  

5 .0  mg of taurochola te  were hydrolyzed by r e f lux ing  f o r  

1 0  h r s  a t  120° i n  6 m l  of 15% (w/v) NaOH i n  50% aqueous 

e thanol  (5). Extracted amniotic f l u i d  w a s  hydrolyzed 

as above and solvolyzed f o r  1 6  h r s  i n  e t h y l  acetate 

which had been e q u i l i b r a t e d  wi th  2 N aqueous s u l f u r i c  

acid (5). After  hydro lys is ,  t h e  a lcohol  concen t r a t ion  

of t h e  hydro lys is  mixture was ad jus t ed  t o  1 0 %  by 

add i t ion  of 30 m l  water ,  and t h e  mixture w a s  brought t o  

pH 4 . 0  w i t h  4N HC1.  Previously ex t r ac t ed  u r i n e  ( 2 0  m l )  

was d r i ed  under vacuum, s o l u b i l i z e d  i n  0 . 5  M Na a c e t a t e  

bu f fe r  (pH 5 . 4 )  and t r e a t e d  w i t h  50 mg of s u l f a t a s e  

(Sigma Co., St. Louis, MO.) a t  37' f o r  7 2  h r s  (6). The  

r eac t ion  mixture w a s  c l a r i f i e d  by t h e  a d d i t i o n  of 1 5  m l  

of water a t  t he  end of incubat ion.  

The t o t a l  capac i ty  of t h e  e x t r a c t i o n  system w a s  

assessed with 1 0  m l  samples of 1.25 t o  25.0 mM t auro-  

cho la t e  added t o  normal u r i n e  and w i t h  20 m l  samples of 

unlabeled 12.5 mM t a u r o l i t h o c h o l a t e  s u l f a t e .  The t o t a l  

3a-hydroxysteroid conten t  before  and a f t e r  e x t r a c t i o n  

of serum s tandards  containing a known amount of b i l e  

s a l t  (Seronorm l i p i d  - Accurate Chemical and S c i e n t i f i c  
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548 WRITNEY AND THALER 

Co., H i c k s v i l l e ,  N . Y . ) ,  normal a d u l t  serum, normal and 

c h o l e s t a t i c  u r i n e ,  and amniotic f l u i d ,  w a s  determined 

a t  d i f f e r e n t  d i l u t i o n s  by enzymatic f l u o r i m e t r y  us ing  

Sterognos t  r e a g e n t s  (7). G l a s s  c a p i l l a r y  g a s  chroma- 

tography w a s  performed on 25 meter wal l -coa ted  open 

t u b u l a r  g l a s s  c a p i l l a r i e s  (0 .25  mm I.D.) c o a t e d  w i t h  

Carbowax 20M. 22-bisnor-5-cholenoic a c i d  (10 ug) w a s  

added a s  i n t e r n a l  s t a n d a r d  b e f o r e  d e r i v a t i z a t i o n , .  

Peaks were i d e n t i f i e d  by r e l a t i v e  r e t e n t i o n  time, and 

q u a n t i t a t i o n  w a s  by peak h e i g h t  r e l a t i v e  t o  h e i g h t  of 

t h e  i n t e r n a l  s tandard .  A l l  r e s u l t s  are r e p o r t e d  a s  

meancstandard d e v i a t i o n  (S.D.). 

Procedure 

A Sep-Pak C I E R  c a r t r i d g e  w a s  connected t o  a cjlass 

s y r i n g e  and washed s e q u e n t i a l l y  w i t h  2 .0  m l  of methanol 

and 5 . 0  m l  of water .  The sample was p laced  i n  t h e  

s y r i n g e  and i n j e c t e d  through t h e  c a r t r i d g e .  When 

volume exceeded 100 m l ,  t h e  sample was drawn through 

t h e  c a r t r i d g e  by s u c t i o n .  Flow r a t e s  up t o  2 0  ml/min 

w e r e  used. A f t e r  i n j e c t i o n  of t h e  sample,  t h e  c a r t -  

r i d g e  was washed w i t h  10-20 m l  of water. B i l e  sa l t s  

were e l u t e d  by pumping 5.0 m l  of methanol through t h e  

c a r t r i d g e .  Following e l u t i o n  of b i l e  s a l t s ,  t h e  

c a r t r i d g e s  were washed w i t h  a d d i t i o n a l  methanol (5-10 

ml) and regenera ted  wi th  water  € o r  f u r t h e r  u s e .  I n  
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QUANTITATIVE EXTRACTIONS OF HYDROPHOBIC COMPOUNDS 549 

experiments in which unlabeled taurolithocholate 

sulfate was passed through the cartridge, the sample 

effluent and the water wash were acidified and ex- 

tracted with ethyl acetate (1). Aliquots of the ethyl 

acetate extracts and of the methanol effluent were 

analyzed by thin layer chromatography on nanograde 

silica gel G using a CHCl3:MeOV:HAc:H20 (65:24:15:9) 

solvent system ( 8 ) .  lO%'phosphomolybdic acid in 

ethanol was used for visualization. Aliquots of meth- 

anol extracts of biological fluids were dried under 

nitrogen and dissolved in 0.15 M NaCl for enzymatic 

fluorimetry. After hydrolysis/solvolysis, an aliquot 

of amniotic fluid extract. was methylated with diazo- 

methane and trimethylsilylated with pyridine-hexa- 

methyldisilazane-trimethylchlorosilane ( 5 )  for cap- 

illary gas chromatography. 

RESULTS AND DISCUSSION 

Table 1 demonstrates that taurocholate was iso- 

lated quantitatively from urine, serum, amniotic fluid 

and bile salt hydrolysates by the Sep-Pak CIER proce- 

dure. Generally, less than 5% of radiolabeled tauro- 

cholate was lost in the sample effluent. Losses in the 

water wash never exceeded 1%. Elution of over 90% of 

the radioactivity added to the sample was achieved with 

2.0 ml of methanol while 5.0 ml gave complete recovery. 
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550 WHITNEY AND THALER 

TABLE 1 
Recovery of Taurocholate from Biologica l  So lu t ions  and 
Analy t ica l  Reaction Mixtures 

SAMPLE VOLUME RECOVERY 
( m l )  ( percent2SD) 

Urine 20 ( 4 )  
50 ( 6 1  

500  (1) 
7 5 0  (1) 

Serum 5 ( 6 )  

Hydrolysis ReactioEa 80 ( 5 )  
Sul fa t a se  Reaction 25 (2) 

Amniotic F lu id  30 ( 5 )  

9924 
9624 
95 
92 
9923 
9422 
9425 
9423 

Numbers i n  parentheses  represent  i nd iv idua l  determi- 
na t ions .  
aHydrolsis of 5 . 0  mg taurochola te .  
bSul fa tase  t reatment  of 20 ml of ex t r ac t ed  u r i n e  a s  
descr ibed i n  text .  

Even l a r g e  vclumes of u r i n e  (over  750  ml) could be 

ex t r ac t ed  without s i g n i f i c a n t  loss. Both una l t e red  

taurochola te  and re leased  c h o l i c  ac id  w e r e  recovered 

from t h e  hydrolysates .  

The more po la r  b i l e  sa l t ,  t a u r o l i t h o c h o l a t e  s u l -  

f a t e ,  was a l s o  q u a n t i t a t i v e l y  ex t r ac t ed  from u r i n e  by 

the  Sep-Pak procedure. When 6 50 m l  u r ine  samples con- 

t a in ing  labeled t au ro l i t hocho la t e  s u l f a t e  were ex t r ac t ed ,  

the  average recovery was 95%25%. 

As shown i n  Table 2 ,  flow rates up t o  20 ml/min 

could be apFlied t o  t h e  c a r t r i d g e  without  s i g n i f i c a n t  

loss of b i l e  s a l t .  

These r e s u l t s  c l e a r l y  show t h a t  See-Pak ClaR 

c a r t r i d g e s  can be used f o r  r ap id ,  q u a n t i t a t i v e  ex t rac-  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



QUANTITATIVE EXTRACTIONS OF HYDROPHOBIC COMPOUNDS 551 

TABLE 2 
E f f e c t  of Flow R a t e  t h rough  Sep-Pak C18R C a r t r i d g e s  on 
Recovery of (3H) Taurocho la t e  from 20 m l  o f  Urine 
- 

FLOW RATE RECOVERY 
( m l  / m i  n 1 (percent2SD) 

2.0 ( 3 )  
10.0 (61  
2 0 . 0  (6) 
5 0 . 0  ( 3 )  

1002 2 
952 2 
9 4 2  1 
8 6 2 4  

Numbers i n  p a r e n t h e s e s  r e p r e s e n t  i n d i v i d u a l  
d e t e r m i n a t i c n s .  

t i o n  and c o c c e n t r a t i o n  of even r e l a t i v e l y  polar and 

a c i d i c  hydrophobic compunds such as b i l e  sal ts  from 

aqueous s o l u t i o n s .  Cons ide rab le  p u r i f i c a t i o n  i s  accomp- 

l i s h e d  i n  t h e  washing s t e p  which removes o r g a n i c  hydro- 

p h i l i c  i m p u r i t i e s  and i n o r g a n i c  s a l t s .  ?he p rocedure  

is s imple  and inexpens ive  s i n c e  Sep-Pak c a r t r i d g e s  c a n  

be r eused ,  l i m i t e d  volumes of o r g a n i c  s o l v e n t  are 

r e q u i r e d  and no e l a b o r a t e  equipment is n e c e s s a r y .  

The e x c e l l e n t  r ecove ry  i n  t h e  h y d r o l y s i s  and 

s u l f a t a s e  experiments  i n d i c a t e s  t h a t  Sep-Pak C18R 

c a r t r i d g e s  are  s u i t a b l e  for  e x t r a c t i o n  of hydrophobic 

compounds from aqueous r e a c t i o n  m i x t u r e s  used i n  

a n a l y t i c a l  procedures .  Such e x t r a c t i o n s  are u s u a l l y  

performed by s o l v e n t  p a r t i t i o n i n g  methods r e q u i r i n g  

l a r g e  q u a n t i t i e s  of s o l v e n t ,  and a r e  f r e q u e n t l y  comp- 

l i c a t e d  by fo rma t ion  of  i n t r a c t a b l e  emulsions.  L iqu id  

chromatography on Sep-Pak C l E R  c a r t r i d g e s  e l i m i n a t e s  

these d i sadvan tages .  
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552 WHITNEY AND THALER 

TABLE 3 
Recovery of Taurocho la t e  a t  Various C o n c e n t r a t i o n s  i n  
Normal Urine 

TAUROCHOLATE SOLUTION RECOVERY 
( uM) ( p e r c e n t )  

1.25 
2.5 
5.0 
7.5 

10.0 
12.5 
25.0 

97.0 
97.5 
95.5 
98.5 
96.5 
97.0 
52.0 

aMeans of d u p l i c a t e  d e t e r m i n a t i o n s .  

.Ten m l  of  a 12.5 mM s o l u t i o n  of t a u r o c h o l a t e  i n  

normal u r i n e  cou ld  b e  pas sed  th rough  a s i n g l e  c a r t r i d g e  

wi thou t  s i g n i f i c a n t  loss (Tab le  3 ) .  S i n c e  o n l y  52% of 

a 25.0 mM s o l u t i o n  was r e t a i n e d  on t h e  c a r t r i d g e ,  t h e  

t o t a l  c a p a c i t y  of a s i n g l e  c a r t r i d g e  f o r  b i l e  sa l t s  i n  

u r i n e  must be i n  t h e  r ange  of 50 mg. 

By comparing t h e  d e n s i t i e s  of s p o t s ,  w i t h  known 

s t a n d a r d s ,  a f t e r  t h i n  l a y e r  chromatography of t h e  

sample e f f l u e n t ,  water wash and methanol e x t r a c t ,  i t  

w a s  e s t i m a t e d  t h a t  o v e r  9 5 %  of a 50 mg sample of 

t a u r o l i t h o c h o l a t e  s u l f a t e  w a s  extracted whereas less 

than 2 %  was l o s t  i n  t h e  procedure.  

The high c a p a c i t y  of a s i n g l e  C1* Sep-PakR c a r t -  

r i d g e  e a s i l y  cove r s  t h e  r ange  f o r  complete  e x t r a c t i o n  

of hydrophobic s u b s t a n c e s  i n  s t a n d a r d  c o l l e c t i o n s  of 

b i o l o g i c a l  f l u i d s ,  s u c h ' a s  24 h r  u r i n e  c o l l e c t i o n s .  

S u f f i c i e n t  amounts of m a t e r i a l s  can be r a p i d l y  p repa red  
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QUANTITATIVE EXTRACTIONS OF HYDROPHOBIC COMPOUNDS 553 

TABLE 4 
3a-Hydroxysteroid Content  of  B i o l  ca l  F l u i d s  b e f o r e  
and a f t e r  Extraction on Sep-Pak CPvA C a r t r i d g e s  
- 
SAMPLE BEFORE AFTER 

- (uM+SD) ( uM2SD) 
EXTRACTION EXTRACTION 

Seronorm L i p i d  ( 8 )  26.821. 6 
Adult  Serum ( 4 )  4.520.2 
Adult  Urine ( 6 )  5.1k1.2 
C h o l e s t a t i c  Urine ( 2 )  36.0 
Amniotic F l u i d  ( 2 )  5.0 

25.021.8 
4.420. 2 
5 . 0 5 0 . 5  

37.0 
5.0 

Numbers i n  p a r e n t h e s e s  r e p r e s e n t  i n d i v i d u a l  
d e t e r m i n a t i o n s .  

by t h i s  procedure f o r  s t r u c t u r a l  a n a l y s e s  of u n i d e n t i -  

f i e d  compounds by techniques  which r e q u i r e  s u b s t a n t i a l  

q u a n t i t i e s  o f  material (e .g . ,  n u c l e a r  magnet ic  reso-  

nance,  i n f r a - r e d  and mass s p e c t r o m e t r y ) .  

The 3a-hydroxy s t e r o i d  c o n t e n t  of Seronorm l i p i d ,  

normal serum, normal and c h o l e s t a t i c  u r i n e ,  and amni- 

o t i c  f l u i d ,  determined by enzymatic f l u o r i m e t r y  b e f o r e  

and a f t e r  Sep-Pak C18R l i q u i d  chromatographic  extrac- 

t i o n  is shown i n  Table  4 .  I n  a l l  cases, t h e  c a l c u l a t e d  

r n o l a r i t i e s  were comparable t o  t h o s e  of t h e  o r i g i n a l  

samples,  i n d i c a t i n g  t h a t  t h i s  i s o l a t i o n  t e c h n i q u e  can 

be used f o r  r o u t i n e  c o n c e n t r a t i o n  of samples which 

might o t h e r w i s e  be too d i l u t e  f o r  measurement. 

As shown i n  F i g u r e  1, t h e  b i l e  a c i d s ,  c h o l i c ,  

deoxychol ic ,  chenodeoxycholic,  l i t h o c h o l i c  and 38- 

hydroxy-5-cholenoic a c i d  from e x t r a c t e d  a m n i o t i c  f l u i d  

were wel l - separa ted  by c a p i l l a r y  gas  chromatography. 
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F I G U R E  1. Capillary gas chromatograph of bile acids 
(as methyl/ester trimethylsilyl ethers) from amniotic 
fluid. Column temperature 230'. The arrow indicates a 
4-fold increase in sensitivity. The bile acid peaks 
are numbered as follows: cholic acid, 1; 22 bisnor- 
30-hydroxy-5-cholenoic acid (internal standard) , 2;  de- 
oxycholic acid, 3; chenodeoxycholic acid, 4; litho- 
cholic acid, 5; 3e-hydroxy-5-cholenoic acid, 6. 

Several as yet unidentified ComFounds in amniotic fluid 

which may be physiologically important are presently 

being analyzed by mass spectrometry. The molar concen- 

tration of bile acid present in the pooled amniotic 

fluid samples based on the gas chromatographic data 

was 2.5 u M / 1 .  The percent molar concentration contrib- 

uted by cholic acid was 47%, deoxycholic 9.7%, cheno- 

deoxycholic 27%, lithocholic acid 3% and 30-hydroxy-5- 

cholenoic acid 21.7%. These values are consistent with 

those reported by Deleze et al. obtained with conven- 

tional extraction procedures (9). 
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QUANTITATIVE EXTRACTIONS OF WDROPHOBIC COMPOUNDS 555 

Extrac t ion  and p u r i f i c a t i o n  from aqueous s o l u t i o n  

can be performed by l i q u i d  chromatography on Sep-Pak C I E R  

c a r t r i d g e s  f o r  any compound which is s u f f i c i e n t l y  

hydrophobic t o  be r e t a ined  on t h e  packing material. 

For example, we a r e  c u r r e n t l y  eva lua t ing  t h e  e x t r a c t i o n  

of u r ina ry  s t e r o i d s  and s t e r o i d  conjugates .  The s i m -  

p l i c i t y ,  r a p i d i t y ,  high capac i ty  and broad range of 

Sep-Pak C18R e x t r a c t i c n  combined with r e l a t i v e l y  low 

expendi tures  f o r  c a r t r i d g e s  and organic  s o l v e n t s  

suggest  t h a t  t h e  procedure descr ibed  i n  t h i s  paper 

should be broadly app l i cab le  f o r  s epa ra t ion  of hydro- 

phobic compounds from aqueous s o l u t i o n s  of b i o l o g i c a l ,  

environmental ,  o r  a n a l y t i c a l  o r i g i n s .  
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