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SEPARATION OF DIETHYLSTILBESTROL AND DERIVATIVES I N  BIOLOGICAL FLUIDS AND 
TISSUES BY HIGH PRESSURE LIQUID CHROMATOGRAPHY 

Glenn 0. Newport, Sandra K. Headley, James P. Freeman and W i l l i a m  
S l i k k e r ,  Jr.. Department o f  Hea l th .  Educat ion  and Welfare,  N a t i o n a l  
Center  f o r  T o x i c o l o g i c a l  Research, Je f fe rson ,  Arkansas 72079 

ABSTRACT 

A method was developed t o  i d e n t i f y  r a d i o l a b e l e d  DES and DES m e t a b o l i t e s  i n  
b i o l o g i c a l  f l u i d s  and t i ssues .  A f t e r  a r a p i d  i n i t i a l  c lean-up step, t h e  
b i o l o g i c a l  samples were ana lyzed w i t h  a s ing le -co lumn,  reversed-phase, h igh-  
p ressure  1 i q u i d  chromatography system. The parent  compound and m e t a b o l i t e s  
were s imu l taneous ly  reso lved  and t e n t a t i v e l y  i d e n t i f i e d  by comparing t h e i r  
r e t e n t i o n  t imes t o  those o f  known standards.  P o s i t i v e  i d e n t i f i c a t i o n  o f  
some m e t a b o l i t e s  was achieved by f i e l d - d e s o r p t i o n  and c a p i l  l a ry -co lumn mass- 
spec t romet r i c  ana lys i s .  
and sample recove ry  was >80%. 

The method was found t o  be r a p i d  and r e p r o d u c i b l e ,  

INTRODUCTION 

C1 i n i c a l  i n v e s t i g a t i o n s  have i n d i c a t e d  t h a t  d i e t h y l s t i l b e s t r o l  (DES) i s  

a te ra togen  and t r a n s p l a c e n t a l  carc inogen (1-3). The t e r a t o g e n i c  e f f e c t s  o f  

DES have been r e p o r t e d  i n  nonhuman p r ima tes  ( 4 )  and rodents  as w e l l  (5.6). 

Desp i te  t h e  we l l -de f i ned  spectrum o f  g e n i t a l  t r a c t  a b n o r m a l i t i e s  f o l l o w i n g  

-- i n  u t e r o  DES exposure, t h e  mechanism whereby exposure t o  DES produces 

adverse e f f e c t s  i s  unknown. Poss ib le  mechanisms r e s p o n s i b l e  f o r  t h e  in 
- u t e r o  t o x i c i t y  a r e  1) hormonal 

r e p r o d u c t i v e  systems, 2 )  a c t i v  

a c t i v a t i o n  and subsequent cova 

gene t i c  m a t e r i a l  (7 -9 ) .  

impact on deve lop ing  endoc r ine  and 

t y  as a promoter,  o r  3 )  proposed metabo l i c  

en t  b i n d i n g  t o  c r i t i c a l  c e l l u l a r  p r o t e i n s  o r  
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NEWPORT ET AL. 1054 

I n  order t o  i nves t i ga te  these poss ib le  mechanisms, methods are needed to  

q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  de f i ne  the  metabolic p r o f i l e  of DES. 

Several approaches have been repor ted i n  the l i t e r a t u r e ,  i n c l u d i n g  gas 

chromatography. mass fragmentography, and mass spectrometry (10-12). 

techniques, however, are o f t e n  unsui tab le f o r  po la r  conjugates and l a b i l e  

metabolic i n t e n e d i a t e s  o f  DES. Recently, nondestruct ive methods o f  h igh  

pressure 1 i q u i d  chromatography (HPLC) have been developed, but  these 

procedures requ i re  m u l t i p l e  chromatographic systems (13)  o r  have y e t  t o  be 

va l i da ted  f o r  b i o l o g i c a l  samples (14). 

These 

The present repo r t  describes a reversed-phase, HPLC system, capable of 

separat ing several DES d e r i v a t i v e s  and conjugates. The accuracy and 

r e p r o d u c i b i l i t y  o f  the method was inves t i ga ted  by apply ing i t  t o  u r i ne ,  

plasma. and t i s s u e  samples, c o l l e c t e d  from monkeys t r e a t e d  w i t h  rad io labe led  

DES. 

MATER I ALS 

Chemicals 

(UL-14C)-Diethylstilbestrol (51.55 mCl/mM) was purchased f r o m  Path- 

f i n d e r  Labs (St. Louis, M issour i )  and p u r i f i e d  by a publ ished HPLC method 

(15 ) .  

>98% pure. 

The rad io labeled r ( t r a n s )  and I ( c i s )  isomers are considered t o  be 

(Monoet hy l  - 1 -3H) -d  i e t  hy l  s t  i 1 best rol (53 C i /mM) was rece i  ved f r o m  

Amersham Corporation ( A r l i n g t o n  Heights, I L ) .  P u r i f i c a t i o n  by HPLC ( 1 5 )  

produced a >95% pure sample. 

The DES-monoglucuronide (DES-G) was obtained from A l d r i c h  Chemical 

(Milwaukee, W I )  and was found t o  be 99% pure when analyzed by a HPLC 

reversed-phase system. (16)  

Unlabeled DES (No. 706-2) was purchased f r o m  Research Plus Stero ids 

(Denv i l l e ,  NJ) and used as received. An i n i t i a l  assay by HPLC revealed no 
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DIETHYLSTILBESTROL IN BIOLOGICAL FLUIDS 1055 

W-absorbing contaminants. 

o t h e r  DES de r i va t i ves :  I-hydroxy-DES (omega-hydroxy-DES), Z,Z-dienestrol , 
and tetramethoxy-DES were synthesized by Southwest Foundation f o r  Research 

and Education, San Antonio, TX. The p u r i t y  and conformation were v e r i f i e d  

by HPLC, nuclear magnetic resonance (NMR), and mass spectrometry. The DES 

r e l a t e d  compounds and d e r i v a t i v e s  are shown i n  F igure 1. (17) 

Inst rumentat ion 

Diglucuronide-DES was synthesized by us; t h e  

Samples were analyzed on a Waters Associates (M i l f o rd ,  MA) HPLC system. 

The inst rumentat ion invo lved was a Model U6K septumless i n j e c t o r ,  coupled t o  

Model 6000-A h igh  pressure pumps, programed by a Model 660 g rad ien t / f l ow  

programer. Detect ion o f  i n d i v i d u a l  W-absorbing m a t e r i a l s  was performed 

w i t h  a Model 440 UV spectrophotometer w i th  an 8 pl f l o w c e l l  a t  a f ixed 

wavelength o f  254 nm. 

m a t e r i a l  was accomplished w i t h  a Scaler-Ratemeter SR5 (Nuclear En te rp r i ses  

LTD-Reading, England), w i t h  a f low- thru de tec to r  c e l l ,  coupled t o  the o u t l e t  

o f  t h e  UV detector. Graphic response o f  both t h e  UV de tec to r  and the  

I n  some cases, de tec t i on  o f  rad io labeled (I4C) 

isotope monitor was made by an Omniscribe dual pen recorder  (Houston 

Instruments, Austin, TX). Fract ions were c o l l e c t e d  w i th  a Model FC-80H 

MicroFract ionator  (Gi lson Med. Elect., Yiddleton, WI). I n  a l l  cases, 

a l i q u o t s  o f  the f r a c t i o n s  were counted f o r  r a d i o a c t i v i t y  w i t h  a Packard 

l a t i o n  Spectrometer (Packard I n s t .  Co., 

cu l  a te percent recovery. 

Tri-Carb Model 3382 L i q u i d  S c i n t i  

Downers Grove, I L )  i n  order t o  ca 

HPLC Column 

The column was a commercially ava i l ab le  prepacked A l t e x  LiChrosorb 

RP18, 5 micron, I0 x 250 mm Reversed-Phase Column (Al tex S c i e n t i f i c ,  

Inc., Berkeley, CA). The LiChrosorb column packing i s  a f u l l y  porous 

m i c r o p a r t i c l u l a t e  o f  i r r e g u l a r l y  shaped s i l i c a  gel w i t h  a bonded hydrocarbon 

phase (C18). This reversed-phase mater ia l  allowed rap id  so lvent  
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DIETHYLSTILBESTROL IN BIOLOGICAL FLUIDS 1057 

e q u i l i b r a t i o n ,  r e v e r s i b l e  adsorption o f  solutes, h igh f l ow  r a t e  w i th  minimal 

backpressure. and h igh e f f i c i ency  and s e l e c t i v i t y  f o r  the wide p o l a r i t y  

range of samples investigated. 

ana lys i s  o f  greater  sample volumes wi thout  overloading the column. 

o r  pre-column was placed i n  l i n e  between the  i n j e c t o r  and LiChrosorb column. 

This guard column (3.2 x 35  mm) was dry-packed w i t h  37-50 micron Bondapak 

c18/ Coras i l  (Waters). 

LiChrosorb column fran the uneluted ma te r ia l s  o f ten  found i n  b i o l o g i c a l  

samples. It d i d  not  a l t e r  t he  r e t e n t i o n  t imes o f  the standards or d im in i sh  

the r e s o l u t i o n  o r  e f f ic iency o f  the column. 

HPLC Solvents and Chemicals 

The la rge  diameter o f  t he  column al lowed 

A guard 

The guard column was designed to  p ro tec t  the 

The organic solvents used were D i s t i l l e d - i n - G l a s s  q u a l i t y  from Burdick 

and Jackson, Muskegon, Mich. Water was p u r i f i e d  through a M i  l i p o r e  M i l l i - Q  

System (Bedford, MA), fed by a deionized water source, and 

ammonium acetate (NH4OAc) (Ma l l i nck rod t ) ,  which was used as a sJ lvent  

buffer. 

and degassed p r i o r  t o  use. 

u t ra-pure 

A l l  so lvents  were f i l t e r e d  through a M i l l i p o r e  BDWP 0.6 pn f i l t e r  

METHODS 

Ur ine  C o l l e c t i o n  and Analys is  

A 2.0-mg/kg dose of (UL-14C) DES, 20 !AC , plus 12.0 mg of m l a b e l e d  

c r y s t a l l i n e  DES, was administered in t raveno s l y  t o  a pregnant rhesus monkey, 

04036. 

DES plus 18.0 mg ( 3  mg/kg) DES. 

f o r  4 hours a f t e r  admin is t ra t ion.  

Another pregnant monkey, 11162, received 68 pCi of [monoethyl-l-&!] 

Urine was c o l l e c t e d  v i a  a Foley ca the te r  

The u r ine  was processed by the add i t i on  o f  two volumes o f  methanol- 

ethanol (MeOH-EtOH) ( l : l ) ,  whereby prote ins and s a l t s  were p rec ip i t a ted .  

A f t e r  cen t r i f uga t ion ,  the p r e c i p i t a t e  was washed twice w i t h  an equal volume 

o f  MeOH-EtOH ( 1 : l ) .  The supernatants were pooled and evaporated t o  near 
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1058 NEWPORT ET AL. 

dryness under a n i t rogen  stream a t  37OC. 

0.20 m l  w i th  a d d i t i o n  o f  MeOH-H20 ( 3 : l )  f o r  HPLC analysis. 

Blood C o l l e c t i o n  and Analys is  

The sample was then brought up t o  

Blood samples were c o l l e c t e d  through a femoral a r t e r y  ca the te r  and 

cen t r i f uged  t o  separate the plasma from the red blood c e l l s .  

samples (0.3 - 0.5 ml)  were d i l u t e d  t o  1.0 m l  by a d d i t i o n  o f  reagent-grade 

H20. 

CA) Micro-fuge t o  sediment the  "buffy coat". 

ma te r ia l  was not found t o  con ta in  s i g n i f i c a n t  r a d i o a c t i v i t y  and was 

discarded. Two volumes o f  MeOH-EtOH 1:l  was added t o  the  plasma t o  

p r e c i p i t a t e  p ro te ins  and sa l ts .  A f t e r  c e n t r i f u g a t i o n ,  t he  p r e c i p i t a t e  was 

washed two times w i t h  equal volumes o f  MeOH-EtOH. The washes were added 

t o  the i n i t i a l  plasma supernatant. The t o t a l  sample was evaporated under 

N2 a t  37°C and resuspended i n  0.2 m l  o f  MeOH-HzO ( 3 : l ) .  

samples were chromatographed i n  the same reversed-phase system as the 

The plasma 

They were then cen t r i f uged  a t  10,000 rpm i n  a Beckman (Palo A l t o ,  

The b u f f y  coat o f  l i p i d  

The plasma 

urine. 

Tissue E x t r a c t i o n  and HPLC Analys is  

Fetal t i ssue  samples were c o l l e c t e d  and frozen 2 1  hours a f t e r  

admin i s t ra t i on  o f  the dose t o  the maternal monkey. Tissue samples were 

weighed and placed i n  glass-stoppered Erlenmeyer f lasks,  which were packed 

i n  ice. A f t e r  adding 5 m l  o f  co ld  d i s t i l l e d  H20 per gram o f  t i ssue ,  each 

sample was homogenized f o r  approximately one minute. us ing a Poly t ron 

(Brinkman, Westbury. NY). 

and dimethoxymethane (OMM) was added t o  e x t r a c t  the unbound r a d i o a c t i v i t y  

and t o  p r e c i p i t a t e  the macromolecular components. This mix ture was shaken 

f o r  18 hours a t  ambient temperature. 

rpm, the supernatant was t r ans fe r red  t o  a graduated cy l i nde r .  The p e l l e t  

was washed three times w i th  MeOH-OMM (1:l) and these washes were combined 

w i t h  the o r i g i n a l  supernatant. The volume o f  the H20-MeOH-DMM Supernatant 

F i ve  volumes o f  a I:1 mix tu re  of methanol (MeOH) 

Fol lowing c e n t r i f u g a t i o n  a t  12,000 
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DIETHYLSTILBESTROL IN BIOLOGICAL FLUIDS 1059 

was recorded and a 1.0-ml a l i q u o t  was removed f o r  determinat ion o f  

r a d i o a c t i v i t y .  The p e l l e t  was s o l u b i l i z e d  by a d d i t i o n  o f  1 t o  10 m l  o f  1% 

sodium dodecyl s u l f a t e  (SDS), and a 0.5-1111 a l i q u o t  from a known volume was 

counted. 

r a d i o a c t i v i t y  (<4%) and was not f u r t h e r  analyzed. 

was reduced t o  a small volume (1-2 m l )  on a r o t a r y  evaporator a t  4OOC. 

Af ter  the a d d i t i o n  o f  25 t o  50 m l  o f  MeOH, the  sample was f i l t e r e d  through a 

0.6 um BDWP M i l l i p o r e  f i l t e r ,  t h e  f i l t e r  was r i nsed  with a d d i t i o n a l  MeOH, 

and the f i l t r a t e  was saved. Before d i sca rd ing  the p r e c i p i t a t e  ( i f  any), it 

was d isso lved and counted f o r  r a d f o a c t i v i t y .  The f i l t r a t e  was concentrated 

t o  l e s s  than 10 m l  and passed through a c18 Sep-Pak (Waters Associates, 

Inc. , M i l  ford,  MA), fo l lowed by about 5 m l  o f  MeOH. 

re ta ined  l i p i d  ma te r ia l  which would otherwise contaminate the  column. The 

sample was evaporated t o  near-dryness i n  a 15-ml conica l  tube under a stream 

o f  N2 a t  37OC. 

H20, conta in ing 0.5% SDS. 

t r a n s f e r ,  and a 25-pl a l i q u o t  was dispensed i n t o  a v i a l  f o r  counting. The 

remaining 225-pl sample was chromatographed i n  the reversed-phase HPLC 

system. An a l i q u o t  was counted from each o f  t he  1.0-ml (0.5-min) f r a c t i o n s  

t h a t  were cot 1 ected. 

The p e l l e t  contained on ly  a small percentage o f  the t o t a l  

The combined supernatant 

The c18 Sep-Pak 

To the res idue was added 150 (11 o f  MeOH and 100 pl o f  

The sample was w e l l  mixed immediately before 

Tissue samples from an undosed animal were spiked w i t h  I4C-DESG and 

3H-DES t o  compare t h e i r  HPLC p r o f i l e s  and recovery percentages t o  those 

from t i ssues  of a dosed animal. 

the homogenized t i s s u e  a t  a l e v e l  o f  100,000 dpm o f  each i n  0.5 m l  o f  MeOH 

per gram o f  t issue. 

Mass S pect romet ry  

The 14C-DESG and 3H-DES were added t o  

Samples fo r  mass spectrometry were prepared i n  the f o l l o w i n g  manner. 

Adjacent f r a c t i o n s  separated by HPLC and con ta in ing  rad io labe led  DES o r  

d e r i v a t i v e s  were pooled and evaporated t o  dryness under a stream o f  nitrogen. 
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NEWPORT ET AL. 1060 

I n  the case o f  u r i n a r y  metaboli tes, the samples were e i t h e r  d isso lved i n  

MeOH and t h e i r  mass spectra determined by f i e l d  desorpt ion (F.D.) mass 

spectrometry (Varian CH5 DF) (Florham Park, N.J.) o r  d isso lved i n  aqueous 

a c e t i c  ac id  b u f f e r  (pH, 5 )  and hydrolyzed w i t h  bovine p-glucuronidase, as 

prev lous ly  described (15). 

anhydride-pyridine (1:l) overnight. 

by c a p i l l a r y  co l  umn GC and subsequent mass spect rometr ic  analys is  were 

accomplished by using a Finnigan Model 9500 gas chromatograph (F inn igan 

Corp.. Sunnyvale. CA) t h a t  was modi f ied by i n s t a l l i n g  a d i r e c t  c a p i l l a r y -  

mass spectrometer i n t e r f a c e  and a s p l i t - l e s s  c a p i l l a r y  i n j e c t o r .  

al lowed the use o f  a 50-meter SP2250 Support-Coated Open Tubular  (SCOT) 

column. 

Brooks 5841 f l ow  c o n t r o l l e r .  

i o n i z a t i o n  source a t  or below 0.1 t o r r .  

maintained a t  7 O O C .  

Gas Chromatograph-Mass Spectrometer (Model 10150). E lect ron-  impact (70 ell) 

i o n i z a t i o n  mode was used. 

The aglycones were then t rea ted  w i t h  ace t i c  

Separation o f  the acety la ted aglycones 

Th is  

The hel ium c a r r i e r  gas was maintained a t  a f l o w  o f  3 ml/min by a 

This flow r a t e  allowed operat ion o f  t he  

The mani fo ld  temperature was 

Mass spect ra l  ana lys i s  was performed w i t h  a F inn igan 

I n  the case of the plasma samples, adjacent HPLC f rac t i ons  con ta in ing  

s i g n i f i c a n t  amounts o f  r a d i o a c t i v i t y  were pooled, concentrated and 

d e r i v a t i z e d  i n  preparat ion f o r  mass spectrometry. 

standards (DES and DESG), method blanks (HPLC p u r i f i e d  plasma from untreated 

monkeys) and experimental samples were evaporated to  dryness and allowed to  

react  w i t h  diazomethane i n  order  t o  methylate any ca rboxy l i c  acids. The 

reac t i on  was allowed t o  continue fo r  2 h r  a t  room temperature. 

samples were again brought t o  dryness and t rea ted  w i t h  equal volumes o f  

p y r i d i n e  and ace t i c  anhydride i n  order t o  ace ty la te  hydroxyl groups. 

30 min a t  7OoC, the samples were taken t o  dryness and then d isso lved i n  

MeOH. 

More s p e c i f i c a l l y ,  DES 

Then, the 

A f t e r  
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DIETHYLSTILBESTROL IN BIOLOGICAL FLUIDS 1061 

Mass-spec t romet r ic  i d e n t i f i c a t i o n  o f  d e r i v a t  i zed components separated by 

HPLC was performed on a F i n n i g a n  4023 mass spec t rometer  combined w i th  an 

Incos  da ta  system. Samples were depos i ted  i n t o  g lass  sample cups (5 pl 

volume), evaporated t o  dryness w i t h  a s t ream o f  d r y  hel ium, and i n t r o d u c e d  

i n t o  t h e  mass spec t rometer  v i a  the  s o l i d  probe. The probe was heated by t h e  

b a l l i s t i c  hea te r  t o  400OC. 

cyc le .  Fo r  g r e a t e r  s e n s i t i v i t y  t he  mass spec t rometer  was opera ted  i n  t h e  

m u l t i p l e  s p e c i f i c  i o n  mode. I o n i z a t i o n  was accomplished i n  conven t iona l  

e lec t ron - impac t  (E. I . )  mode. 

Data were c o l l e c t e d  th roughou t  t h e  h e a t i n g  

RESULTS 

DES Standards 

O f  t h e  many systems t r i e d ,  the  reversed-phase chromatography system 

w i t h  g r a d i e n t  e l u t i o n  was found t o  be bes t  f o r  separa t i ng  t h e  more p o l a r  

wa te r -so lub le  con jugates  from the  non-po la r  inetabol i t e s  and t h e  DES pa ren t  

compound. 

programmer) w i t h  i n i t i a l  c o n d i t i o n s  o f  10% MeOH-90% H20 (0.Olfl NH40Ac). 

pH 6.9, and end ing  w i t h  100% MeOH was used. A 50-min g r a d i e n t  program 

a l lowed p o l a r  pigmented m a t e r i a l  t o  be e l u t e d  b e f o r e  t h e  compounds o f  

i n t e r e s t .  The column was opera ted  a t  1600 p s i  w i t h  a s o l v e n t  d e l i v e r y  o f  

2.0 ml /minu te  and a t  ambient temperature (25" 2 2OC). 

bu f fe r  was used t o  c o n t r o l  i o n i z a t i o n  o f  the  so lu tes .  Th is  p revented  t h e  

s o l u t e s  from t a i l i n g .  F igu re  2 shows t h e  HPLC separa t i on  o f  OES and i t s  

d e r i v a t i v e s .  The reversed-phase system i s  capab le  of r e s o l v i n g  a t  l e a s t  

seven DES d e r i v a t i v e s  and isomers. Separa t ion  o f  compounds w i t h  w ide ly  

d i f f e r e n t  p o l a r i t i e s  (e.9.. DES-diglucuronide and tetramethoxy-DES) i s  

accomplished by a convex g rad ien t  e l u t i o n  program w i t h o u t  l o s s  o f  r e s o l u t i o n  

between c l o s e l y  r e l a t e d  compounds (e.g., r- and I - D E S  and I , L - d i e n e s t r o l ) .  

A 50-min convex g r a d i e n t  e l u t i o n  (program-t5:Waters 660 

The ammonium a c e t a t e  
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Z , Z- 0 ion estrol 

UU 2 5 4  

W - O H  DES 

DES-diG 

E-OESG 

E-DES 
(trans) 

i Tetromathoxy 

DES 

I I 1 I 1 

0 10 2 0  3 0  4 0  50 
Ini. Min. 

Figure 2 :  HPLC P r o f i l e  o f  DES Standards. Chromatographic cond i t i ons :  
Column - LiChrosorb RP-18, 5 1.4m, 10 x 250 mn; mobile phase 

MeOH, convex gras ient  e l u t i o n  i n  50 min; f l ow  r a t e  - 2.0 
ml/min a t  1600 ps i ;  sample s i z e  - 10 pg each, except 
DES-diglucuronide = 20 pg and tetramethoxy DES = 5 pg. 

- 10% MeOH-90% H 0 (0.01 M NH~OAC), pH 6.9, t o  100% 

Ur inary Metabol i tes 

The 0-4-hr u r i n e  sample c o l l e c t e d  from Monkey 64036 was processed as 

described under Methods. A t y p i c a l  chromatogram ( F i g  3)  def ines the f i v e  

major DES metabol i tes ( rad io labe led  peaks I - V ) .  It can be observed tha t  the 

more polar  endogenous mater ia l  and u r i n a r y  pigments are e lu ted e a r l y  i n  the 

gradient  program and precede the DES metabol i tes.  

F i ve  a l i q u o t s  o f  t h i s  4-hr u r i n e  sample were chromatographed, and 

f rac t i ons  were c o l l e c t e d  and subsequently counted by l i q u i d  s c i n t i l l a t i o n .  

The r e t e n t i o n  times and the percent r a d i o a c t i v i t y  of each major metabol i te  

are shown i n  Table 1. The standard e r r o r  o f  the mean o f  f i v e  determinat ions 

i s  small, i n d i c a t i n g  h igh r e p r o d u c i b i l i t y .  As shown i n  the r i g h t  column o f  

Table 1, three o f  the f i ve  metabol i tes were subsequently i d e n t i f i e d  by 
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52 

4 6  

40  

I 36 
I 
I 
I 

n 
o 3 0  - 
X 

U 
t - 24 
5 
0 
Q 

18 

12 

6 

II 
1 UV 254 

I I I 1 I 
10 20 3 0  4 0  5 0  

hi .  Min. 

F i g u r e  3: HPLC P r o f i l e  o f  U r i n a r y  Me tabo l i t es .  Chromatographic 
c o n d i t i o n s  same as F i g  2. Peak 111 was subsequent ly  
i d e n t i f i e d  as I-DESG; Peaks I V  and V were i d e n t i f i e d  as - Z , I - D I E S  and 1 - D E S G  r e s p e c t i v e l y .  

f i e l d  deso rp t i on  (F.D.) mass spec t romet ry  and GC-MS ( E . I . )  as E-DES 

monogl ucu ron ide  (111). I , l - d i e n e s t r o l  monogl ucu ron ide  ( I V )  and L-DES 

monoglucuronide (V). 

Plasma M e t a b o l i t e s  

A 0.5-1-111 plasma sample, c o l l e c t e d  5 min a f t e r  14C-DES admin i s t ra -  

t i o n ,  was processed and t h e  r e s u l t i n g  chromatogram i s  shown i n  F i g  4. The 
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TABLE 1 

CHARACTERISTICS OF THE URINARY DES METABOLITES SEPARATED BY HPLC. 

HPLC X R a d i o a c t i v i t y  

(Min.) 
Retent ion Time Mean 2 S.E. 

13 3.8 2 0.4 

15 6.7 2 0.2 

17 13.4 2 0.7 

19 10.3 2 0.5 

21 48.5 2 1.2 

26 9.0 0.5 

28 8.3 2 0.5 

% Hydrolyzed by E. I. 
p-G1 ucuronidase M/E Compound 

peak o f  14C r a d i o a c t i v i t y  (do t ted  l i n e )  w i t h  a r e t e n t i o n  of 22-23 min 

was confirmed by mass spectrometry t o  be E-DES monoglucuronide. 

peaks a t  36 rnin and 40 min are E-DES and I-OES, respec t i ve l y .  

rad io1 abel ed peaks are c u r r e n t l y  undergoing i d e n t i f i c a t i o n .  

Tissue Metabol i tes 

Also, t he  

The remaining 

The HPLC p r o f i l e  f r o m  f e t a l  l i v e r  o f  an untreated animal, a f t e r  t he  

t i s s u e  was spiked w i th  I4C-OESG and 3H-DES, i s  shown i n  F i g  5. 

rad io labeled compounds co-chromatographed w i t h  the unlabeled standards, 

which Were added t o  the sample. A f t e r  e x t r a c t i o n  and HPLC analys is .  95% o f  

t he  I4C-DESG and 82% of the 3H-DES, added t o  the homogenized t i ssue ,  

was recovered. 

These 

A f e t a l  l i v e r  t i ssue  sample, c o l l e c t e d  21 h r  a f t e r  admin i s t ra t i on  o f  the 

l4C-0ES dose, was analyzed as described under Methods. 

the r e s u l t i n g  chromatogram which def ines fou r  major peaks o f  r a d i o a c t i v i t y .  

F i g  6 dep ic t s  
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2000 - 

1800 - 

1600 - 

I 1200 

U 
f 1000 - 
0 

Figure 4: Chromatogram of Plasma Metabolites of DES. Peak (dotted 
line) at 22-23 m i n  is r-DES-monoglucuronide; peaks at 36 
rnin and 40 min are E-DES and L-DES, respectively. 
Chromatographic conditions same as Fig 2. 

The retention times indicate the presence of r- and I-DES-monoglucuronide 
and 5- and Z-DLS. The total radioactivity recovered from the column was 84s 

o f  that in the initial liver sample. 

DISCUSSION 

These results complement an earlier report from this laboratory (18)  a n d  

confirm that the described HPLC method reproducibly separates the major DES 

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



1066 NEWPORT ET AL. 

18,000 

16,000 

14,000 

12,000 

I io,ooa 
I 
I 
2 8,ooa 
0 

6,OOC 

4,OOt 

2.00( 'r UV214 

E-DESO 
I 

I 
I 
II 
II 
II 
II E-DES 

- 
la d0 40  50 .. 

Iniert l ime (Min.) 

Figure 5: HPLC P r o f ' l e  of f e t a l  l i v e r  t i ssue ,  spiked w i t h  I4C - 
the authent ic  un labeled DES. 
same as Fig 2 .  

OESG and j ti-OES. The rad io labe led  peaks co inc ide w i th  
Chromatographic cond i t i ons :  

metabol i tes i n  ur ine,  plasma, and t issue.  Un l i ke  conventional techniques 

f o r  estrogen analys is  (13, 1 5 ) ,  the present method provides fo r  the 

separation o f  a v a r i e t y  o f  DES metaboli tes, i n c l u d i n g  conjugates, i n  a 

s i n g l e  chromatographic step. The l i m i t e d  manipulat ion o f  samples i n  

preparat ion f o r  HPLC insures a h igh recovery 080%) o f  DES and metabol i tes.  

Other repo r t s  have described HPLC methods f o r  ana lys i s  o f  DES and i t s  

major d e r i v a t i v e s  (10, 1 4 ) ,  but f a i l e d  t o  demonstrate the u t i l i t y  of t he  
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800 
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1 500. 
I 
I 

y 400 

s 
a 

L 

L 

300 

200 

100. 

'I 0 

U V 2 5 4  / 

E-DEJG 
I 
I 

E-DES A I 

Inieri Time (Min.) 

F i g u r e  6 :  HPLC Chromatogram of f e t a l  l i v e r  t i s s u e  sample f rom a 
t r e a t e d  monkey, showing t h e  fou r  ma jor  m e t a b o l i t e s  
separa ted  by HPLC. Chromatographic c o n d i t i o n s :  same as F i g  
2. 

techn iques  f o r  b i o l o g i c a l  samples. The method we have desc r ibed  was used t o  

separa te  f i v e  m a j o r  DES u r i n a r y  me tabo l i t es .  Three of t hese  m e t a b o l i t e s  

were subsequent ly i d e n t i f i e d  by f i e l d  d e s o r p t i o n  and GC-MS as r- and I-DES 
monoglucuronide and & l - d i e n e s t r o l  monoglucuronide. Plasma and t i s s u e  were 

l i k e w i s e  analyzed and E-DES monoglucuronide and E- and 2-DES were de tec ted .  

Thus, t h e  HPLC method has been shown u s e f u l  f o r  s e p a r a t i n g  DES m e t a b o l i t e s  

from b i o l o g i c a l  f l u i d s  and t i s s u e  i n  p r e p a r a t i o n  f o r  subsequent p o s i t i v e  

i d e n t i f i c a t i o n .  
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The reversed-phase HPLC method described has several advantages over 

conventional co l  uinn chromatography on, e.g. , non-ionic polymeric adsorbents 

(XAD-2), l i p o p h i l i c  gel (Sephadex LH-20) and F l o r i s i l .  F i r s t ,  the described 

HPLC method i s  rap id,  r e q u i r i n g  only  2 t o  3 hours f o r  t he  ana lys i s  o f  u r i ne  

o r  plasma samples, i n  contrast ,  some other  techniques r e q u i r e  1 t o  2 days 

f o r  s i m i l a r  analyses. Secondly, t h i s  single-column separat ion does not  

requ i re  e x t r a c t i o n  or hydro l ys i s  steps; simultaneous chromatography o f  t he  

unal tered conjugated and f ree  metabol i tes i s  r e a d i l y  accomplished. Th i rd l y ,  

authent ic  reference standards may be co-chromatographed w i t h  each sample. 

F i n a l l y ,  the described method i s  convenient f o r  small b i o l o g i c a l  samples 

(0.4 m l  plasma and u r i n e  o r  1 gn t i ssue ) .  These advantages o f  t h i s  

single-column HPLC technique make it s u i t a b l e  f o r  the study o f  rad io labe led  

DES and i t s  metabol i tes f r a n  b i o l o g i c a l  f l u i d s  and t i ssues  o f  aboratory 

animals. 
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