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ABSTRACT 

T h e  c o n c e n t r a t i o n s  o f  i n d i v i d u a l  g o s s y p o l  
e n a n t i o m e r s  i n  s e r u m  c a n  b e  d e t e r m i n e d  b y  
d e r i v a t i s a t i o n  w i t h  p h e n y l a l a n i n e  m e t h y l  e s t e r  p r i o r  t o  
e x t r a c t i o n  and  r e v e r s e  p h a s e  HPLC. 

INTRODUCTION 

G o s s y p o l  ( l ) ,  a p h e n o l i c  p i g m e n t  e x t r a c t e d  f r o m  

t h e  c o t t o n  p l a n t ,  i s  o r a l l y  a c t i v e  a s  a n  a n t i -  

s p e r m a t o g e n i c  a g e n t  i n  men a n d  i n  male a n i m a l s ,  [ l r 2 ] .  

I t  h a s  a l s o  b e e n  d e m o n s t r a t e d  t h a t  g o s s y p o l  i s  a n  
a c t i v e  c y t o t o x i c  a g e n t  a g a i n s t  t u m o u r  c e l l s  i n  v i t r o  
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[3-61 and against the parasite Trypanosoma cruzi which 
causes Chagas' Disease in South America [7]. Gossypol 
is optically active, exhibiting atropisomerism as a 
result of hidered rotation about the internaphthyl bond 
[ 8 ]  and we have developed both analytical and 
preparative HPLC methods for the resolution of the 
enantiomers, using either chiral or achiral amines to 
form Schiff's bases which could be separated using HPLC 
columns containing chiral bonded phases or, in the case 
of Schiff's bases of certain chiral amines, using 
reverse phase HI?LC [9-111. Studies with the individual 
enantiomers have established that all o f  the 
antifertility effects are associated with (-)-gossypol 
[12,13] and that this enantiomer is also 4-12 times 
more potent than (+)-gossypol as a cytotoxic agent [3- 

61. 
As a result of the potent anti-mitochondria1 

activity demonstrated for gosssypol in tumour cells in 
vitro [4,6,14,1!5] and the limited toxicity of gossypol 
observed in men participating in contraceptive trials 
[1,2], there i s  considerable interest i n  the 
development of gossypol and its derivatives as 
potential clinical anti-tumour agents. In connection 
with a clinical trial of racemic gossypol as an anti- 
tumour agent, if: was required to monitor the levels of 
the individual enantiomers in serum from the cancer 
patients. procedures for the extraction of racemic 
gossypol from serum and its determination by HPLC have 
been described [16-191. Howeverr there has hitherto 
been only one report [19] of the separate determination 
of the two isomers following administration of the 
racemate. This involved extraction of the isomer 
mixture, from which the total gossypol concentration 
was assayed by reverse phase HPLC using added gossypol 
dimethyl ether as internal standard, and additionally 
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d e r i v a t i z a t i o n  o f  t h e  e x t r a c t e d  i somer  m i x t u r e  b y  

h e a t i n g  w i t h  (R) -2 -amino- l -p ropano l  f o r  100 m i n u t e s l  

a f t e r  w h i c h  t h e  isomer r a t i o  w a s  d e t e r m i n e d  b y  r e v e r s e  
p h a s e  H P L C .  We h a v e  now a d a p t e d  a m o d i f i c a t i o n  o f  o u r  

e a r l i e r  p r o c e d u r e  f o r  t h e  a n a l y t i c a l  r e s o l u t i o n  o f  

racemic g o s s y p o l  [ l o ] ,  mak ing  it s u i t a b l e  f o r  t h e  rap id  

a n a l y s i s  o f  c o n c e n t r a t i o n s  o f  g o s s y p o l  e n a n t i o m e r s  i n  

s e r u m  samples. I n  t h i s  paper,  w e  r e p o r t  d e t a i l s  o f  t h e  
m e t h o d o l o g y  d e v e l o p e d .  R e s u l t s  o f  t h e  c l i n i c a l  

i n v e s t i g a t i o n s  w i l l  be d i s c u s s e d  e l s e w h e r e .  

HATERIALS AND METHODS 

T h e  HPLC e q u i p m e n t  c o n s i s t e d  o f  a C e c i l  C E l l O O  

pump, Rheodyne  7125  i n j e c t o r  f i t t e d  w i t h  a 50 u l  l oop  
a n d  a Ceci l  1 2 0 0  v a r i a b l e  w a v e l e n g t h  d e t e c t o r  s e t  a t  
250  nm x 0.0002 A U  f s d .  P e a k  areas  were m e a s u r e d  w i t h  a 

T r i v e c t o r  T r i o  i n t e g r a t o r .  Columns  ( 2 5  x 0.45 c m  i d )  

were p a c k e d  w i t h  5 um ODs-Hyper s i l  a n d  e l u t e d  a t  2 .5  

ml/min w i t h  MeCN:buffer:THF (76:22:2 v / v / v ) ,  t h e  b u f f e r  

c o n s i s t i n g  of 0.01M a q u e o u s  KH2P04 a d j u s t e d  t o  pH 2 .35  

w i t h  H3P04. A l l  s o l v e n t s  were e i t h e r  p u r c h a s e d  as  HPLC 

g r a d e  o r  were r e d i s t i l l e d .  Mobile p h a s e s  were d e g a s s e d  

u l t r a s o n i c a l l y  b e f o r e  u s e .  
Serum samples f r o m  c a n c e r  p a t i e n t s  were s t o r e d  i n  

a f r o z e n  s t a t e  a n d  were d e f r o s t e d  i m m e d i a t e l y  before  
a n a l y s i s .  B l a n k  s e r u m  s a m p l e s  were o b t a i n e d  from t h e  

same p a t i e n t s ,  p r i o r  t o  o r  a t  t h e  time o f  o r a l  d o s i n g  
a n d  were a n a l y s e d  w i t h  o r  w i t h o u t  s p i k i n g  w i t h  known 

q u a n t i t i e s  o f  racemic g o s s y p o l  a ce t i c  ac id .  

0 . 4 0  m l  o f  s e r u m  w a s  m i x e d  w i t h  0 . 5 0  m l  o f  a 

s a t u r a t e d  s o l u t i o n  o f  EDTA d i s o d i u m  s a l t  a n d  s t o o d  f o r  
1 0  m i n .  T h e  s o l u t i o n  was a d j u s t e d  t o  pH 8 . 0 0  b y  

a d d i t i o n  o f  c o n c .  NaOH s o l u t i o n r  m o n i t o r e d  u s i n g  a 
micro-electrode. 50 u l  o f  a s o l u t i o n  o f  L - p h e n y l a l a n i n e  
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2264 MATLIN ET AL. 

methyl ester (1 g/ml in MeCN) was added and the mixture 
left for 10 min, then adjusted to pH 7.00 using conc. 
sulphuric acid and extracted with ether (2 x 2ml: 
vortex mixing and centrifugation to separate the 
layers) and the combined ethereal extracts evaporated 
under reduced pressure. The residue was reconstituted 
in 0.50  ml of acetonitrile and 50 ul of this solution 
injected on the HPLC column. 

RESULTS AND DISCUSSION 

Racemic gossypol (1) reacts with L-phenylalanine 
methyl ester to form the Schiffls base derivative (2) 
as a mixture of two distereoisomers. Preliminary 
investigations showed that I in mixed aqueous-organic 
solvents, the reaction proceeds rapidly to completion 
at pH 8. In order to minimise the binding of gossypol 
to serum proteins and maximise the recovery of the two 
enantiomers, serum samples were pre-incubated with the 
disodium salt of ethylenediamine-tetraacetic acid prior 
to addition of the amine. Following derivatisation, the 
diastereomeric Schiff's bases of gossypol are most 
efficiently extracted into diethyl ether at pH 7 for 
analysis by reverse phase HPLC. 

CHO OH 

HO 

P hC H,C H COOMe 
I 
N 
II 
CH OH 

HO "OI$J@; 

i -fir i -Pr 
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d e r i v a t i v e  d e r i v a t i v e  

I I I 
2o m i n  0 10 

Figure 1 Analysis of gossypol isomers in human serum 
(a) Serum from non-dosed, healthy volunteer 
(b) Patient's serum sampled at time of oral dosing and 

spiked with 550 ng/ml of each enantiomer 
(c) Patient's serum 1 day after oral dosing with 

racemic gossypol, showing 402 ng/ml (-)-gossypol 
and 529 ng/ml (+)-gossypol. 

Column: 5 um Hypersil-ODs, 25 x 0.45 cm id. Mobile 
phase: MeCN:buffer:THF 76:22:2 v / v / v  (buffer 0.01M 
KH2P04 + H3P04 to pH 2.35) at 2.5 ml/min; detector 250 
nm x 0.002 AU fsd. All three sera samples were 
incubated with L-phenylalanine methyl ester before 
extraction, evaporation and reconstitution in 500 ul 
MeCN, from which 50 ul samples were injected. 
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Serum s a m p l e s  o b t a i n e d  f rom e a c h  p a t i e n t  p r i o r  t o  

o r a l  d o s i n g  were p r o c e s s e d  and a n a l y s e d  t o  c o n f i r m  t h e  

a b s e n c e  o f  i n t e r f e r i n g  p e a k s  o n  HPLC. S a m p l e s  f r o m  

u n t r e a t e d  s u b j e c t s  were s p i k e d  w i t h  a known amount o f  

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

r e s p o n s e  f a c t o r s .  When s p i k e d  s e r u m  s a m p l e s  were  
p r o c e s s e d  on  t h e  s a m e  d a y ,  t h e  r e p r o d u c i b i l i t y  o f  

r e s p o n s e s  was found  t o  be  2 4.1% SD ( n  = 6 )  f o r  ( + ) -  

and (-)-gossypoL.  Over a p e r i o d  o f  t i m e ,  t h e r e  was some 

d a y - t o - d a y  v a r i a b i l i t y  i n  t h e  e x t e n t  o f  r e c o v e r y  

(210.5% SD) ,  b u t  good a c c u r a c y  c o u l d  be  m a i n t a i n e d  when 

t h e  s p i k e d  c o n t r o l s  r u n  on t h e  same d a y  were u s e d  t o  

c a l i b r a t e  t h e  v a l u e s  o b t a i n e d  f o r  t r e a t e d  p a t i e n t s .  

T y p i c a l  H P L C  t r a c e s  are  shown i n  F i g u r e  1. D e t e c t i o n  

l i m i t s  were ca. 2 ng i n j e c t e d  ( c o r r e s p o n d i n g  t o  ca 30 

ng/ml i n  s e r u m )  f o r  e a c h  i s o m e r  of g o s s y p o l  u n d e r  t h e  

c o n d i t i o n s  employed. D e t e c t i o n  l i m i t s  f o r  i n d i v i d u a l  

e n a n t i o m e r s  were n o t  r e p o r t e d  i n  t h e  e a r l i e r  s t u d y ,  b u t  

t h e  l i m i t  f o r  u n d e r i v a t i s e d  racemic g o s s y p o l  was ca. 25  

ng/ml u s i n g  a n  e l e c t r o c h e m i c a l  d e t e c t o r  [19]. 

Serum l e v e l s  of t o t a l  g o s s y p o l  i n  c a n c e r  p a t i e n t s  

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

v a r i e d  u p  t o  1 1 3 0  n g / m l  ( s e r u m  s a m p l e  2 4  h a f t e r  

p a t i e n t  g i v e n  once  week ly  d o s e  of  1 2 0  mg). A s  e x p e c t e d ,  

t h e  r a t i o  o f  e n a n t i o m e r s  a l s o  v a r i e d ,  i n  s o m e  c a s e s  

b e i n g  c l o s e  t o  t h e  1:l r a t i o  a d m i n i s t e r e d  b u t  i n  

s e v e r a l  c a s e s  a s u b s t a n t i a l  excess  o f  ( + ) - g o s s y p o l  w a s  
d e t e c t e d  i n  serum. T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  

known t e n d e n c y  o f  ( + ) - g o s s y p o l  t o  b i n d  m o r e  t i g h t l y  

t h a n  t h e  ( - ) - i s o m e r  t o  p r o t e i n s  [ 4 ] .  ( + )  - G o s s y p o l  

d i s p l a y s  a s e r u m  h a l f  l i f e  w h i c h  i s  a l m o s t  t w i c e  a s  
l o n g  a s  t h a t  f o r  t h e  ( - ) - i s o m e r ,  e .g .  7.80 h f o r  ( + )  

v e r s u s  3.96 h f o r  ( - )  i n  t h e  r a t  [20 ] .  A f u l l  r e p o r t  o f  

t h e  c l i n i c a l  f i n d i n g s  w i l l  b e  p r e s e n t e d  e l s e w h e r e  [21] .  
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