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[3,4-f] i n d o l e  (BD 40) 
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91405 ORSAY, FRANCE. 

ABSTRACT 

An HPLC method f o r  d e t e r m i n a t i o n a n d q u a n t i t a t i o n  o f  BD 40, 

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

d e s c r i b e d .  Samples  o b t a i n e d  a f t e r  e t h y l  ace ta te  e x t r a c t i o n  have  

been  chromatograph  e d o n a  r e v e r s e  p h a s e  column w i t h a c o u n t e r  i o n  

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

m e t r y  and s e n s i b i l i t y ,  s p e c i f i c i t y a n d  r e p r o d u c  i b i l i t y  o f  t h e  
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9 40 BLAIS ET AL. 

method are satisfactory enough 

studies in human. 

to allow for pharmacokinetics 

INTRODUCTION 

Recent developments in oncology chemotherapy research have 

shown that DNA intercalating agents take a major place among 

vcdrious drugs proposed for cancer treatment (1, 2, 3, 4). 

Newly synthetized dipyrido [4,3-b] [3,4-f] indole compounds 

differ from ellipticins (pyridocarbazol basic formular) by the 

presence of a nitrogen at position 9 (figure 1). Furthermore, 

an original procedure for the synthesis allows for theaddition 

of a lateral chain ddiethyl amino propyl amino at position 1 

for the most intersting compound in this series (5, 6 ) .  

This additional chain confers t o  the molecules anincreased 

activity against L 1210 leukemia, TG 180 and moloney sarcoma, 

Lewis C t i  mammary carcinomas (7, 8, 9 ) .  3 

As with ellipticins, the antitumor activity o f  this drug 

may be releated to intercalating binding to DNA. 

Preliminary data in man have suggested intersting antitumor 

activity (10). In order to study the pharmacokinetics of the 

agent in conjonction with the phase I clinical trials in our 

Institut, we have developed an analytical method using tlPLC fo r  

determination of plasma and urinary levels o f  BD 40. 
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HPLC DETERMINATION OF BD 40 941 

a) ELLIPTICINE 

“H3 

b)ED 4 0  

NH-(cH,),-N: =Zn5 

c2 n5 

Figure 1 : a) Ellipticin : 5,11-dimethyl-6H-pirydo [4,3-b] 

carbazole. 

b)  BD 40 : (1-x-diethyl amino propyl amino)-5-methyl- 
dipyrido [4,3-4 [3,4-f] indole. 

MATERIALS 

Apparatus 

HPLC apparatus consisted o f  a 6000 A pump (Waters Associated, 

Milford, Mass. 01757), WISP automatic sampler injector (Waters 

Ass.) with 300 1.11 limited voluminserts, SFM 23 R spectrofluorescent 

detector (Kontrorr, Roche klectronique, 78140 Velizy-Villacoublay, 

France). Excitation wavelenght was set at 304 nm and emission at 
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9 42 BLAIS ET AL. 

404 nni. Cel l  volume was 20 ~ 1 .  Data were r e g i s t e r e d  and p r o c e s s e d  

u s i n g  d a t a  p r o c e s s o r  chromatopac  CR 18 

3 a p o n ) .  Column was custoni  packed  i n  our  l a b o r a t o r y  w i t h  P a r t i s i l  

ODS 10 (Whatman) i n  a s t a i n l e s s  s teel  t u b e  4 mm I D  x 250 mm u n d e r  

6000 PSI i n  50 : SO ( v  : v )  methanol  water s o l u t i o n .  

(Shimadzu c o r p o r a t i o n ,  Kyoto, 

Chemical  r e a g e n t s  

BD 40 was k i n d  l y  p r o v i d d b y  E.  BISAGNI. The o r i g i n a l  

compound c o n s i s t s  i n  a trimaleatesaltcristalized w i t h  one water 

m o l e c u l e  (M.W 709). The s t o c k  s o l u t i o n  ( l om3  M) i n  d i l u e n t  solu-  

t i o n  methanol  : w a t e r  SO : 50 ( v  : v )  h a s  been s t o r e d  a t  - 18 O C .  

Nor harmane,  ( 9  l i  p y r i d o  [3,4-b] i n d o l e ,  f i g u r e  2 b )  ( A l d r i c h -  

Europe D i v i s i o n ,  Belg ium) ,  h a s  been  u s e d  as a n  i n t e r n a l  s t a n d a r d .  

The s t o c k  s o l u t i o n  i s  p r e p a r e d  and s t o r e d  i n  t h e s a m e c o n d i t i o n s .  

B i o l o g i c a l  s a m p l e s  

Blood s a m p l e s  were c o l l e c t e d  i n  d r y  t u b e s ,  c e n t r i f u g e d  and 

sera were s t o r e d  a t  - 18 O C  u n t i l  a s s a y .  

U r i n e  s a m p l e s  were c o l l e c t e d  a s  v o i d e d  and s t o r e d  i n  same 

c o n d i t i o n s .  

Over loaded  s a m p l e s  : a n  aqueous  s o l u t i o n  250 nmol of BD 40 

t r imaleate  s a l t  h a s  been d i l u t e d  i n  pool o f  100 m l  o f  serum from 

h e a l t h y  s u b j e c t s  n o t  t a k i n g  d r u g s .  A s t a n d a r d  p r o t e i n  s o l u t i o n  

( 2 , 5  1-114) was t h u s  o b t a i n e d  and s t o r e d  f r o z e n  ( -  18 O C )  as  1.5ml 

a l i q u o t s .  
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HPLC DETERMINATION OF BD 40 943 

b) NOR HARMANE 

Fiqure 2 : a) BD 38 : 1-0x0-5 methyl-dipyrido [4,3-b] [3,4-f] 
indole. 

b) Nor Harmane : 9H pyrido [3,4-b] indole. 

HPLC reagent 

A methanol-water 75 : 25 (v : v) solution containing 

sodium dodecyl sulfate (6.47 mM) was used as a counter  ion 

mobile phase. The pH of the aqueous SDS solution has been adjusted 

t o  1.80 by perchloric acid. Methanol was then added and the solu- 

tion filtered (Gelman filter 0.45 p) under vaciiiim and s o n i -  

cated for five minutes. 
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9 44 BLAIS ET AL. 

METHODS 

E x t r a c t i o n  p r o c e d u r e  

BD 40 e x t r a c t i o n  from plasma (1 m l )  o r  u r i n e  ( 2  m l )  s a m p l e s  

was per formed by e t h y l  acetate a f t e r  a l k a l i n i z a t i o n  w i t h  100 1.11 

o f  NaOH1N.Samples were v o r t e x e d  f o r  2 mn. Aqueous p h a s e  was 

f r o z e n  i n  d r y  i c e - a c e t o n e  m i x t u r e  and o r g a n i c  p h a s e  t r a n s f e r r e d  

i n  a c o n i c  f l a s k  and e v a p o r a t e d  t o  d r y n e s s  under  n i t r o g e n  flow. 

The d r y  r e s i d u e  was d i l u t e d  w i t h  250 p1 o f  mobile p h a s e  and  

c e n t r i f u g e d  (Beckman S p i n c o m i c r o f u g e )  f o r  1 mn t o  d i s c a r d  a n y  

partick,,.; .  

S t a n d a r d  c u r v e  

The s t a n d a r d  c u r v e  was c o n s t r u c t e d  a f t e r  measurement  of  

e i g h t  s t a n d a r d  p r o t e i n  s o l u t i o n s  (1, 2.5, 5 ,  6.5 ,  7.5, 10,  12.5 

and 15 VM o f  BD 40) e a c h  p o i n t  was i n j e c t e d  twice. 

Chromatography 

50 1.11 of e a c h  e x t r a c t  were i n j e c t e d  under  t h e  f o l l o w i n g  

c o n d i t i o n s  : m o b i l e  p h a s e  2.0 ml/mn (P = 1500 P S I ) ,  f l u o r i m e t r i c  

s i g n a l  was i n t e g r a t e d  and  area r a t i o  BD 40 : i n t e r n a l  s t a n d a r d  

was c a l c u l e d .  BD 40 c o n c e n t r a t i o n  was o b t a i n e d  by r e f e r e n c e  t o  

s t a n d a r d  c u r v e .  

The f o l l o w i n g  chromatograms ( f i g u r e  3 )  were o b t a i n e d .  The 

f i rs t  peak (1) w i t h  2.0 mn r e t e n t i o n  time is t h e  i n t e r n a l s t a n d a r d .  
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HF'LC DETERMINATION OF BD 40 945 

A 

' 2  4 6 8 1 0  
mn 

t y 2  4 6 8 10 
mn 

1 

' 2  4 6 8 10 
mn 

0 

rnn 

Figure 3 : a) Blank serum 

b) Serum with internal standard Nor Harmarie 

c) Patient's serum immediately after a 30 minutes 
perfusion 600 mg/m2 

d) Patient's urine 60 mn after perfusion. 

The second peak (2) with 3.5 inn retention time, has been carac- 

terized by its spectra emission and retention time as BD 38, 

1 0x0-5 methyl-dipyrido [4,3-b] [ 3,4-f] indole, an 0x0 derivative 

o f  BD 40 (figure 2 a )  which has lost the diethyl amino prOQy1 
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BLAIS ET AL. 9 46 

1 5.0 . 

amino l a te ra l  c h a i n .  T h i s  compound i s  a by p a s s  c o n t a m i n a t i o n  

o c c u r i n g  d u r i n g  t h e  d r u g  s y n t h e s i s .  The l e v e l  o f  t h i s  i m p u r t y  i s  

less t h a n  3 p e r  c e n t  o f  t h e  BD 40 amount. The t h i r d  peak  ( 3 )  w i t h  

9.3 mn r e t e n t i o n  time is BD 40. 

I n  o r d e r  t o a c h i e v e a b e t t e r  s e p a r a t i o n ,  we have  s t u d i e d  t h e  

r e t e n t i o n  time s h i f t  i n  r e l a t i o n  w i t h  t h e  pH o f  t h e  m o b i l e  p h a s e  

( f i g u r e  4 ) .  A pH 1.80 was c h o s e n f o r  b e t t e r  i d e n t i f i c a t i o n  and 

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

BD 40 r e c o v e r y  a f te r  e x t r a c t i o n  p r o c e d u r e ,  measured w i t h  

t r i t i a t e d  m o l e c u l e s ,  was 78 2 5 p e r  c e n t .  

10.0. 

5.0. 

2.0 p n  1.0 1.5 

F i g u r e  4 : R e t e n t i o n  time i n  r e l a t i o n  w i t h  pl-l of t h e  m o b i l e  
p h a s e .  
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HPLC DETERMINATION OF RD 40 947 

Reproduc i b i l i t y  o f  t h i s  method was t e s t ed  i n  consecutive12 

ex t rac t ions  of two overloaded sera .  The coe f f i c i en t  o f  var ia t ion  

was 6.0 % w i t h  t h e  14 1-114 so lu t ion  and 4.0 16 w i t h  t h e  4.66  pM 

solut ion.  

Using t h i s  methodology a per fec t ly  l i nea r  standard curve was 

obtained i n  overloaded plasma samples fo r  1 t o  20 pM o f  OD 40 i n  

r e l a t ion  w i t h  the  area r a t i o  BD 4O/Nor Harrnane (r = 0.774) 

( f igu re  5 ) .  The  lower l i m i t  of detect ion was 0.25 nmol/ml w i t h  a 

0 
hl 
L 

0 
Y 

m 

! 12 

10 

8 

6 

4 

2 

Y =  0.776X - 0 . 0 4 8  

r = 0.994 

/ 

/ 

c 
2 4 6 8 10 12 14 16 

nrnol/ml 

Figure 5 : Standard curve of BD 40 i n  nrnol/ml i n  r e l a t ion  w i t h  

area r a t i o  0D 40/Nor Harmane. 
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948 BLAIS ET AL. 

s i g n a l  t o  b a s e l i n e  n o i s e  r a t i o  o f  10. The s e n s i t i v i t y  i s  g i v e n  by 

t h e  s t a n d a r d  d e v i a t i o n  a s  0.55 nmol/ml. P r e c i s i o n  was c a l c u l a t e d  

from t h e  s t a n d a r d  c u r v e  a t  t h e  0.01 l e v e l  is 4.73 p e r  c e n t .  

T h e r e f o r e  t h e  d e s c r i b e d  HPLC d e t e c t i o n  allows fo r  q u i c k  

accurate and  r e p r o d u c  i b l e  d e t e r m i n a t i o n  of BD 40 i n  plasma and 

u r i n e .  

Such method a l l o w s  f o r  accurate which o f  BD 40 pharmaco- 

k i n e t i c s  i n  a n i m a l s  and human ( i n  p r e p a r a t i o n ) ,  F u r t h e r m o r e ,  

ass imi la r  results are o b t a i n e d  w i t h  o t h e r  d i p y r i d o  i n d o l e  d e r i -  

v a t i v e s ,  d e t e c t i o n  o f  BD 40 m e t a b o l i t e s  c o u l d  be  a c h i e v e d  u s i n g  

t h e  d e s c r i b e d  method. 
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