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ABSTRACT 

High performance liquid chromatography combined with liquid 
extraction and solid-phase extraction were used for determining 
the serum concentration of new anticancer drugs. Extraction re- 
coveries were evaluated f o r  wide range of concentrations in serum. 

Adsorption and reversed-phase chromatographic modes were 
tested for the separation and drugs determination in model mix- 
tures and actual clinical samples. 

studies of acylfulvene in dog and rats. 
The H P L C  assay developed was applied for farmacokinetic 

INTRODUCTION 

Illudins and their analogs are novel natural low molec- 
ular products isolated from certain muschrooms / 1 , 2 / .  They 
were previously evaluated in a variety of rodent tumor models 
and it was determined that some analogs were effective in 
vitro against human tumor cells and prefentially active against 
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116 BRANDSTETEROVA ET AL. 

0 
I l l u d i n  S (R=CH20H) 

I l l u d i n  M (R=CH2) 

Scheme 1. 

0 
A c y l f u l v e n e  

Scheme 2 .  

l e u k e m i a  / 3 - 5 / .  They a r e  s e l e c t i v e l y  accurnmula ted  i n  c e r t a i n  o f  

t u m o r s  i n c l u d i n g  b r e a s t ,  c o l o n  and l u n g  a d e n o c a r c i n o m a s .  

Recen t  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  new a n a l o g s  ( a c y l f u l -  

vene and 6-OH m e t h y l a c y l f u l v e n e )  were  v e r y  e f f e c t i v e  a g a i n s t  

p r i m a r y  m e t a s t a t i c  b r e a s t  c a r c i n o i n a s  i n  dogs  / 6 / .  These m e t a -  

s t a t i c  t umors  a r e  n o t  r e s p o n s i v e  t o  c o n v e n t i o n a l  a n t i  - c a n c e r  

a g e n t s .  

I n  o r d e r  t o  d e t e r m i n e  t h e  r e a s o n s  f o r  t h e  e x t r e m e  c y t o -  

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

r e a c t i v i t y  o f  t h e s e  compounds and t h e i r  d e r i v a t e s  was pub-  

l i s h e d  / l / .  

C l a r i f i c a t l o n  o f  t h e  mechanism o f  t o x i c i t y  w o u l d  e n a b l e  

t o  m o d i f y  t h e  s t r u c t u r e  s o  as t o  p r o d u c e  a compound w i t h  e v e n  

g r e a t e r  s e l e c t i v i t y  i n  i t s  t o x i c i t y  t o w a r d s  l e u k e m i a  c e l l s  

t h a n  n o r m a l  c e l l s .  

An X- ray  c r y s t a l o g r a p h i c  a n a l y s i s  o f  i l l u d i n  S and i l l u d i n  

M were  a p p l i e d  f o r  t h i s  s t u d y .  

The s t a b i l i t y  o f  i l l u d i n s  a t  l o w  pH h a s  a l s o  been examined  

/ 7 / .  When i l l u d i n  M was d i s s o l v e d  i n  d i l u t e  H C 1  a t  room t e m p e r -  

a t u r e  i t  was c o n v e r t e d  t o  two  c h l o r o i n d a n t r i o l s .  The d i a s t e r e o -  

i s o m e r s  were  s e p a r a t e d  by c h r o m a t o g r a p h y .  The s t r u c t u r e s  were  

c o n f i r m e d  by NMR s p e c t r a .  The r e a c t i o n  o f  i l l u d i n  S w i t h  d i l u t e  
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NOVEL ANTI-CANCER AGENTS-ILLUDINS 117 

H C 1  i s  c o m p l i c a t e d  by t h e  p r e s e n c e  o f  t h e  p r i m a r y  h y d r o x y l .  I f  

an  aqueous s o l u t i o n  o f  i l l u d i n  S i s  t r e a t e d  w i t h  d i l u t e  HC1, the  

p r e c i p i t a t e  has  been  i d e n t i f i e d  as a c y l f u l v e n e .  

The h i s t o l o g i c  s p e c i f i t y  o f  i l l u d i n s  S t o x i c i t y  was s t u d i e d  

and t h e  M i c h e l i s  c o n s t a n t  for human m y e l o i d  l e u k e m i a  HL 6 0  c e l l s  

was d e t e r m i n e d  / 8 / .  The e n e r g y  - dependen t  t r a n s p o r t  mechan ism 

was d e t e c t e d  i n  o t h e r  mammal ian tumor  c e l l s .  

The a im o f  t h e  p r e s e n t e d  work  was t o  d e v e l o p  t h e  HPLC meth -  

od  f o r  t h e  s e p a r a t i o n  o f  i l l u d i n s  and t h e i r  a n a l o g s  a n d  t h e i r  

d e t e r m i n a t i o n  i n  m o d e l  m i x t u r e s  and serum samp les .  As t h e  p r e -  

s e p a r a t i o n  s t e p s  b o t h  l i q u i d  and  s o l i d - p h a s e  e x t r a c t i o n  h a v e  

been t e s t e d  and r e s u l t s  compared.  

METHODS AND M A T E R I A L S  

Chemicals 

I l l u d i n s  S and M ,  a c y l f u l v e n e  and 6-OH m e t h y l a c y l f u l v e n e  

were  p r e p a r e d  a t  Oepar tmen t  o f  C h e m i s t r y ,  U n i v e r s i t y  o f  C a l i f o r -  

n i a ,  San O i e g o ,  U S A .  They were  d i s s o l v e d  i n  m e t h a n o l  b e f o r e  HPLC 

a n a l y s i s  i n  c o n c e n t r a t i o n s  100,uM as  t h e  s t o c k  s o l u t i o n s .  

Co, T u s t i n ,  C A )  were  used  f o r  HPLC m o b i l e  phases .  E t h y l a c e t a t e ,  

n - b u t y l c h l o r i d e  ( E u r d i c k A  J a c k s o n  Labs .  I n c .  Muskeqon, M I )  and 

m e t h y l e n e  c h l o r i d e  ( F i s c h e r  S c i e n t i f i c  Co.,  T u s t i n ,  C A )  were  

a p p l i e d  f o r  l i q u i d  e x t r a c t i o n  p r o c e d u r e s .  

M e t h a n o l  and a c e t o n i t r i l  (HPLC g r a d e ,  F i s c h e r  S c i e n t i f i c  

Instrumentation 

A dua l -pump h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h  ( S e r i e s  

2 )  e q u i p p e d  w i t h  a v a r i a b l e  w a v e l e n g h t  u l t r a v i o l e t  d e t e c t o r  

(Mode l  LC-85 8 1 ,  a r e c o r d e r  (Mode l  PE-024) and 50 u l  l o o p  i n -  

j e c t o r  ( a l l  f r o m  P e r k i n  E lmer  C o r p . ,  N o r w a l k ,  C T )  we re  u s e d  f o r  
a l l  HPLC s e p a r a t i o n s .  

/ 

The co lumns  C-8 and C-18, 5 urn p a r t i c l e  s i z e  ( 4 . 6  mm d i a -  / 
m e t e r  and 12 .5  cm l e n g h t ;  P e r k i n  E lmer  C o r p . )  were u s e d .  

Water  Sep-Pak c a r t r i d g e s  (C-18)  were  t e s t e d  f o r  s o l i d - p h a s e  

e x t r a c t i o n  o f  d r u g s  f r o m  c l i n i c a l  samp les .  
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118 BRANDSTETEROVA ET AL. 

U V - V I S  s p e c t r o p h o t o m e t e r  HP (Mode l  8450 A) was used  f o r  

m e a s u r i n g  UV s p e c t r a  o f  a l l  a n a l y z e d  d r u g s .  

Procedures 

L i q u i d  e x t r a c t i o n  : 1 m l  o f  serum ( w i t h  i n t e r n a l  s t a n d a r d )  was 

e x t r a c t e d  w i t h  4 m l  o f  o r g a n i c  s o l v e n t  ( e t h y l a c e t a t e ,  n - b u t y l  

c h l o r i d e  and m e t h y l e n e  c h l o r i d e )  s h a k i n g  3 m i n u t e s .  A f t e r  cen -  

t r i f u g i n g  (3000 x g f o r  a b o u t  5 m i n u t e s ) ,  2 m l  o f  o r g a n i c  l a y e r  

was e v a p o r a t e d  by n i t r o g e n  t o  d r y n e s s  and t h e  r e s t  was d i s s o l v e d  

i n  200 u l  m e t h a n o l  ( a c e t o n i t r i l )  and 50 ul were  i n j e c t e d  i n t o  

t h e  c h r o m a t o g r a p h i c  co lumn.  

S o l i d - p h a s e  e x t r a c t i o n  : C a r t r i d g e  (C-18 )  was washed w i t h  me th -  

a n o l  ( 2  m l ) ,  d e i o n i z e d  w a t e r  ( 2  m l ) .  A f t e r  l o a d i n g  1 m l  o f  serum 

( w i t h  i n t e r n a l  s t a n d a r d )  on t h e  c a r t r i d g e ,  i t  was washed w i t h  

d e i o n i z e d  w a t e r  ( 2  m l )  and  t h e  d r u g  was e l u a t e d  w i t h  m e t h a n o l  

( a c e t o n i t r i l )  ( 2  m l ) .  The e l u e n t  was e v a p o r a t e d  by n i t r o g e n  t o  

d r y n e s s  and t h e  r e s i d u e  was d i s s o l v e d  i n  200 ul o f  m e t h a n o l  

( a c e t o n i t r i l ) .  

/ / 

/ 

RESULT AN0 D I S C U S S I O N  

B o t h  a d s o r p t i o n  and r e v e r s e d - p h a s e  c h r o m a t o g r a p h y  h a v e  

been t e s t e d  and r e v e r s e d - p h a s e  co lumn ( C - 8 )  was recommended 

f u r  t h e  H P L C  s t u d y  o f  i l l u d i n s  and a c y l f u l v e n e .  M i x t u r e s  

m e t h a n o l ,  a c e t o n i t r i l e  and w a t e r  were  a p p l i e d  as m o b i l e  p h a s -  

e s .  For a c y l f u l v e n e  a n a l y s i s  ( i l l u d i n  M was used  an  i n t e r n a l  

s t a n d a r d  ( I S  1 ) ;  i t  e l u t e s  w i t h  s h o r t e r  e l u t i o n  t i m e  t h a n  

a n a l y z e d  a c y l f u l v e n e .  As t h e  i n t e r n a l  s t a n d a r d  e l u t i n g  w i t h  

l o n g e r  e l u t i o n  t i m e  l-(Z-thiazolylazo)-Z-naphtol was a p p l i e d  

( I S  2 ) .  

B e f o r e  t h e  o p t i m i z a t i o n  o f  H P L C  c o n d i t i o n s ,  U V  s p e c t r a  

o f  a n a l y z e d  compounds were  measured and a d s o r p t i o n  maxima e-  

v a l u a t e d  : 

a c y l f u l v e n e  : , A ,  = 237 nm; A2 = 326 nm 

i l l u d i n  M ( I S  1) : 

I S  2 : i\ = 224 nm 

A1  = 228 nm; ,I2 = 317 nm 

A l l  HPLC a n a l y s e s  were  r e a l i z e d  u s i n g  a =  2 3 0  nm. 
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NOVEL ANTI-CANCER AGENTS-ILLUDINS 119 

1 

F I G U R E  1. Chromatogram of illudin M (IS 1) and acylfulvene 
(standard mixture) 
Column : C-8; 5 um 
Mobile phase : #O % acetonitril, 5 % methanol, 

Flow-rate : 1 . 3  ml/min, U V  detection 2 3 0  nm 
Peaks : 1 - solvent 

45 % water 

2 - illudin M 
3 - acylfulvene 

F o r  the succesful separation of acylfulvene and both in- 
ternal standards (IS 1 and IS 2 ) ,  the composition of the mo- 
bile phase was optimized and retention times, capacity ratios 
and chromatographic resolution values were evaluated. Both 
isocratic and gradient elutions have been studied but the iso- 
crate mode is sufficient for the HPLC separation of all ana- 
lyzed compounds. Retention times for acylfulvene and two in- 
ternal standards for different composition of isocratic mo- 
bile phases are listed in Table 1. 

F o r  the analysis of clinical samples all three mobile 
phases are available as chromatographic r e s o l u t i o n s  ( R . . )  

for acylfulvene and the internal standard (IS 1 or IS 2 )  are 
1 J  
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120 BRANDSTETEROVA ET At. 

TABLE 1 
Retention times for illudin M (IS l), acylfulvene and IS 2 

for isocratic mobile phases 
flow-rate : 1.3 ml/min 

Illudin M Acylfulvene IS 2 
(IS 1) Mobile phase 

- 

55 % acetonitril 

40 % water 
1 5 % methanol 2.0 min 2.8 min 5.2 min 

50 % acetonitril 

45 5 water 
2 5 % methanol 2.8 min 4.4 min 6.8 min 

45 % acetonitril 

50 % water 
3 5 % methanol 3.2 min 4.8 min 10.0 min 

minimum R . .  = 1.25 what is sufficient for quantitative ana- 
lysis. 

1 J  

F o r  all recommended mobile phases the optimal flow-rates 
have been chosen. The optimization of  flow-rates was rescric- 
ted by the demand of analysis time maximum 10 minutes. 

The HPLC separation of acylfulvene and illudin M (inter- 
nal standard) is demonstrated in Figure 1 and acylfulvene and 
IS 2 in figure 2. 

F o r  the analysis of ethylacetate extracts o f  clinical 
samples the mobile phase 2 or 3 (Table 1 )  are recommended as 
they have enable the separation of the rest possible ethylac- 
etate and illudin M as an internal standard for acylfulvene 
determination (Figure 3 ) .  

for clinical samples the liquid extractions with ethyl- 
acetate, n-butylchloride and methylene chloride were studied 
and extraction recoveries were compared for wide range of 
concentrations (1 uM - 100 uM acylfulvene in serum; it means 
0.22 - 22/ug/ml). Extraction recoveries are shown in Table 2. 

/ / 
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A23C 

1 

A L 

3 

L - 
2 4 6  

rn in  

F I G U R E  2 .  Chromatogram o f  a c y l f u l v e n e  and  I S  2 
(mode l  m i x t u r e )  
Column : C-8 ,  5 urn 
M o b i l e  phase  : ( 5  % a c e t o n i t r i l ,  5 % m e t h a n o l ,  

F low  r a t e  : 1 . 3  m l / rn in ;  UV d e t e c t i o n  2 3 0  nm 
Peaks : 1 - s o l v e n t ;  2 - a c y l f u l v e n e ;  3 - I S  2 

40 % w a t e r  

I t  i s  o b v i o u s  f r o m  T a b l e  2 ,  t h a t  e x t r a c t i o n  r e c o v e r i e s  

a r e  v e r y  hugh f o r  e t h y l a c e t a t e .  E x t r a c t i o n  r e c o v e r y  f o r  s o l i d -  

phase  e x t r a c t i o n  ( 1 0  uM o f  a c y l f u l v e n e  i n  serum) was 9 2 . 0  %.  / 
A s t a n d a r d  c u r v e  was p r e p a r e d  by a d d i n g  a c y l f u l v e n e  t o  

d r u g - f r e e  serum. The p l o t  o f  c o n c e n t r a t i o n  a g a i n s t  p e a k - h e i g h t  

r a t i o  ( d r u g  and i n t e r n a l  s t a n d a r d )  was l i n e a r  i n  t h e  c o n c e n t r a -  
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122 BRAh'DSTETEROVA ET AL. 

A2 3C 

2 

I 
h 

3 

! 
I 1  

2 4 6  
rnin 

F I G U R E  3. C h r o m a t o g r a m  o f  e t y l a c e t a t e ,  i l l u d i n  M a n d  
a c y l f u l v e n e  ( m o d e l  m i x t u r e )  

C h r o m a t o g r a p h i c  
c o n d i t i o n s  : as  i n  Fig.1 
P e a k s  : 1 - e t h y l a c e t a t e  

2 - i l l u d i n  M 
3 - a c y l f u l v e n e  

t i o n  r a n g e  0.2 - 50 u g / m l .  T h e  " l e a s t  s q u a r e s "  r e g r e s s i o n  e q u a -  
t i o n  w a s  : y = 8.1 x - 1 . 7 8  ( r  : 0,9994). T h e  d e t e c t i o n  l i m i t  
o f  a c y l f u l v e n e  i n  s e r u m  w a s  75 ng/ml. 

/ 

T h e  a n a l y s i s  of 10 a l i q u o t s  of d r u g - f r e e  s e r u m  s u p p l e m e n -  
t e d  w i t h  a c y l f u l v e n e  r e v e a l e d  t h e  f o l l o w i n g  c o e f f i c i e n t s  o f  
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TABLE 2 

E x t r a c t i o n  r e c o v e r i e s  o f  a c y l f u l v e n e  f r o m  s e r u m  s a m p l e s  

123 

C o n c e n t r a t i o n  o f  E x t r a c t i o n  RSD 
a c y l f u l v e n e  (,uM) r e c o v e r y  ( % )  ( % )  n = 3  S o l v e n t  

1 0 0  6 8 . 2  4 . 2  
n - b u t y l  c h l o r i d e  1 0  6 2 . 0  4 . 4  

1 5 2 . 6  5 . 1  

1 0 0  6 4 . 2  3 .9  
m e t h y l e n e  c h l o r i d e  1 0  6 1 . 1  4 . 2  

1 5 8 . 4  4 .9  

1 0 0  
e t h y l a c e t a t e  1 0  

1 

9 3 . 6  
9 3 . 1  
8 8 . 7  

5 . 2  
5 . 5  
6 . 4  

a 

A23L 2 4 m i n  

b 

+ 
m i n  

F i g . 4 a ,  b C h r o m a t o g r a r n s  o f  serum s a m p l e s  
a )  w i t h o u t  a c y l f u l v e n e  
b )  w i t h  a c y l f u l v e n e  (50,uM) 
C o n d i t i o n s  a s  i n  F i g . 2  
P e a k s  : 1 - s o l v e n t  

2 - a c y l f u l v e n e  
3 - 1 5 2  
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v a r i a t i o n  (CVs) w i t h i n  r u n  : 6..03 % and be tween  r u n  : 5 . 5 0 %  

f o r  t h e  a c y l f u l v e n e  c o n c e n t r a t i o n  2 . 2  u g / m l  ( 1 0  uM). / / 
Chromatograms o f  serum samples  w i t h o u t  a c y l f u l v e n e  (blank) 

and serum s p i k e d  w i t h  5 0  uM o f  a c y l f u l v e n e  a r e  d e m o n s t r a t e d  i n  

F i g . 4 a ,  b .  
/ 

The HPLC assay  d e v e l o p e d  was a p p l i e d  c l i n i c a l l y  f o r  

p h a r m a c o k i n e t i c  s t u d i e s  o f  a c y l f u l v e n e  i n  dog  and r a t s .  Con- 

c e n t r a t i o n s  a b o u t  5 ;  2 .2  and 2/uM a c y l f u l v e n e  i n  d o g  serum 

samples  were  d e t e r m i n e d  a f t e r  0 . 5  and  10 m i n u t e s  f r o m  t h e  i n -  

f u s i o n  t e r m i n a t i o n .  The r e s u l t s  d e a l i n g  w i t h  p h a r m a c o k i -  

n e t i c s  i n  dog and  r a t s  have  been d i s c u s s e d  i n  d e t a i l  i n  t h e  

p a p e r  o f  t h e s e  a u t h o r s  s u b m i t t e d  f o r  Neoplasma 4 ,  1992.  
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