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ABSTRACT 

An enzyme-l inked imnunosorbent assay f o r  v i n c r i s t i n e  was d e v e l -  
oped, based on a new procedure f o r  s y n t h e s i z i n g  t h e  h a p t e n - p r o t e i n  
conjugate.  I n  b o t h  t h e  immunogen and t h e  enzyme t r a c e r  a spacer  
group was i n t r o d u c e d  between t h e  hapten and p r o t e i n ,  and t h e  
v i n c r i s t i n e  was coupled a t  a s i t e  f a r  f rom i t s  f u n c t i o n a l  groups. 
The an t i body  produced proved t o  be e x c e p t i o n a l l y  s p e c i f i c  as 
compared w i t h  p rev ious  immunoassays f o r  b i s - i n d o l e  a l k a l o i d s .  
Thousandfold an t i body  d i l u t i o n s  c o u l d  be used and samples a t  t h e  
femtomole range were assayable. 
p a t i e n t  plasma samples and t o  p l a n t  m a t e r i a l  a r e  descr ibed.  (Key 
Words: Catharanthus a l k a l o i d s ;  immunoassay; p r o t e i n  conjugates;  
v i n c r i s t i n e ;  cancer chemotherapy). 

A p p l i c a t i o n s  o f  t h e  method t o  

INTRODUCTION 

The b i s - i n d o l e  a l k a l o i d s  v i n c r i s t i n e  (VCR) and v i n b l a s t i n e  

(VBL) i s o l a t e d  f rom Catharanthus roseus ( L . )  G. Don. and t h e  r e -  

l a t e d  s e m i s y n t h e t i c  p r o d u c t  v i n d e s i n e  ( F i g .  1) a r e  used f o r  t h e  

chemotherapy o f  d i f f e r e n t  ma l i gnan t  tumors (1,2) .  

Since the  f i r s t  immunoassay f o r  V C R  and VBL ( 3 )  a number o f  

s teps have been taken t o  improve t h e  s e n s i t i v i t y  and s p e c i f i c i t y  
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114 LAPINJOKI ET AL. 

o f  t h e  assay (4-10). Most (6-10)  o f  these r e p r e s e n t  m o d i f i c a t i o n s  

of t h e  o r i g i n a l  procedure, be ing  based on an immunogenic con juga te  

prepared by t h e  convers ion  o f  VBL t o  4-deacety l -3-hydraz ide and 

i t s  subsequent c o u p l i n g  t o  p r o t e i n  th rough  t h e  3-carbon. 

f o r t u n a t e l y ,  t h i s  approach r e s u l t s  i n  t h e  concealment o f  t h e  

c h a r a c t e r i s t i c  s t r u c t u r a l  f e a t u r e s  o f  t h e  a l k a l o i d ,  which have 

proved impor tan t  i n  p h y s i o l o g i c a l  i n t e r a c t i o n s  ( 2 ) .  Consequently 

t h e  assays (6-10) have comparable a f f i n i t i e s  f o r  a l l  compounds 

t h a t  have d i f f e r e n c e s  o n l y  i n  t h i s  area.  

s e l e c t i v i t y  was achieved i n  the  r e c e n t  i n v e s t i g a t i o n  (10) where 

monoclonal a n t i b o d i e s  were d e r i v e d  a g a i n s t  t h e  4-deacety l  VBL 

con juga te .  

Un- 

Some improvement i n  

Teale e t  a l .  ( 4 )  and Langone e t  a l .  ( 5 )  p repared  immunogens 

i n  which t h e  v i n d o l i n e  moiety ,  i.~. t h e  l ower  h a l f  o f  the.d imer  

i n  Fig. 1, i s  more exposed. Though t h i s  improved t h e  s p e c i f i c i t y ,  

t i t e r s  o f  t h e  a n t i s e r a  remained low and p robab ly  t h e r e  were o t h e r  

prnblems as w e l l ,  s i n c e  t h e  methods appear n o t  t o  have been adopted 

i n  w ide r  p r a c t i c e .  

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

immunoassays o f  Catharanthus a l k a l o i d s  have p o t e n t i a l  a p p l i c a t i o n s  

i n  pharmacologica l  s t u d i e s  and t h e  sc reen ing  o f  a l k a l o i d  l e v e l s  

i n  5. roseus f o r  t h e  b reed ing  o f  b e t t e r  producer  p l a n t s .  I n  a l l  

these ins tances  t h e  s p e c i f i c i t y  o f  t h e  assay i s  e s s e n t i a l  s i n c e  

c l o s e l y  r e l a t e d  m e t a b o l i t e s  o f  t h e  mo lecu le  t o  be determined w i l l  

be p resen t  i n  crude samples and may i n t e r f e r e  w i t h a n u n s p e c i f i c  

assay. We have been e x p l o r i n g  s p e c i f i c  procedures f o r  t h e  above 
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ENZYME-LINKED IMMUNOSORBENT ASSAY FOR VINCRISTINE 115 

I 

R 1  R2 R3 
VI NCRISTINE: -CHO -0CH3 -COCH3 

VINBLASTINE: -CH3 -OCH3 -COCH3 

VINDESINE: -CH3 -NH2 -H 

FIGURE 1 .  S t r u c t u r e s  o f  a n t i n e o p l a s t i c  b i s - i n d o l e  a l k a l o i d s  p r e -  
s e n t l y  i n  c l i n i c a l  p r a c t i c e .  

purposes and have now developed an enzyme- l inked innnunosorbent 

assay f o r  VCR based on a new t ype  o f  VCR-protein conjugate.  

MATERIALS AND METHODS 

Drugs and Reagents 

Ca tha ran th ine  h y d r o c h l o r i d e ,  v i n d o l i n e  s u l f a t e  and v i n d e s i n e  

s u l f a t e  were generously  p r o v i d e d  by L i l l y  Research Center, I n d i a -  

napo l i s ,  I N ,  USA. A j m a l i c i n e  h y d r o c h l o r i d e  and l o g a n i n  were p u r -  

chased f rom Car l  Roth GmbH, Kar l s ruhe ,  FRG, and t r y p t a m i n e  and 

3 - i n d o l e a c e t i c  a c i d  f rom Fluka AG, Buchs, Sw i t ze r land .  VCR 
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116 LAPINJOKI ET AL. 

s u l f a t e ,  VBL s u l f a t e  and t h e  o t h e r  compounds used i n  c ross - reac -  

t i o n  t e s t s ,  and a l s o  a l k a l i n e  phosphatase ( f r o m  bovine i n t e s t i n a l  

mucosa, Type VI I -NL)  and phosphatase s u b s t r a t e  were f r o m  Sigma 

Chemical Co., S t .  Louis ,  MO, USA. CG- HI V i n c r i s t i n e  s u l f a t e  

(sp. ac t .  218 GBq/mmol) was f rom Amersham I n t e r n a t i o n a l  , Amersham, 

Bucks, U.K. 

normal commercial sources. 

3 

A l l  o t h e r  chemicals  were o f  reagen t  grade and f rom 

Prepara t i on  o f  VCR-  P r o t e i  n Conjugates 

The d rug  was con juga ted  t o  bov ine  serum albumin and a l k a l i n e  

phosphatase by b i n d i n g  a spacer molecule, e i t h e r  p-aminophenyl- 

a l a n i n e  o r  e-aminobenzoic a c i d ,  between t h e  12’-carbon ( c o r r e s -  

ponding t o  t h e  C-10’ i n  t h e  b i o g e n e t i c  numbering ( 1 2 ) )  o f  t h e  

ca tha ran th ine  mo ie ty  and t h e  amino groups o f  t h e  p r o t e i n .  

c o u p l i n g  was used t o  b i n d  VCR t o  t h e  spacer, which i n  t u r n  was 

ca rbod i im ide  con juga ted  t o  t h e  p r o t e i n .  The mo la r  VCR a lbumin 

r a t i o  was 245:1, 22:1, and 7 .5 : l  f o r  p r e p a r a t i o n  o f  t h e  immunogens 

1, 2, and 3, r e s p e c t i v e l y ,  and 1 5 0 : l  f o r  p r e p a r a t i o n  o f  t h e  a l k a -  

l i n e  phosphatase conjugate.  p-Aminobenzoic a c i d  was used as t h e  

spacer f o r  immunogen 1 and a l k a l i n e  phosphatase, and DL-p-amino- 

pheny la lan ine  f o r  t h e  o t h e r  immunogens. 

a ted  from r e a c t i o n  m i x t u r e s  by u l t r a f i l t r a t i o n  w i t h  Amicon PM 30 

membrane. 

absorbance spect rometry .  

j u g a t i o n  r e a c t i o n s  w i l l  be p u b l i s h e d  elsewhere (11, 12). The 

conjugates used f o r  immunizat ion were l y o p h i l i z e d  f o r  s to rage  

Diazo 

Conjugates were separ- 

Format ion o f  t h e  d e s i r e d  con juga tes  was v e r i f i e d  by 

D e t a i l s  o f  t h e  chemis t r y  o f  t h e  con- 
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ENZYME-LINKED IMMUNOSORBENT ASSAY FOR VINCRISTINE 11 7 

and t h e  enzyme conjugates were s t o r e d  a t  4OC i n  t h e  assay b u f f e r  

spec i  f i  ed below. 

A n t i  body P roduc t i on  

The l y o p h i l i z e d  imunogens  were e m u l s i f i e d  i n  Freund's  

complete a d j u v a n t  (13)  and were g i v e n  as m u l t i s i t e  subcutaneous 

i n j e c t i o n s  (14)  t o  f o u r  New Zealand a l b i n o  r a b b i t s .  Rabb i t s  1, 

2, and 3 r e c e i v e d  t h e  immunogens 1, 2, and 3 r e s p e c t i v e l y ,  w h i l e  

Rabbi t  4 a l s o  was i n j e c t e d  w i t h  immunogen 2. The i n d i v i d u a l  

immunizat ion schedules a r e  summarized i n  Table 1. One week a f t e r  

t h e  l a s t  boos te r  a l l  t h e  animals  were b l e d  by c a r d i a c  punc tu re .  

A n t i  body p r o d u c t i o n  was screened by assaying t h e  b i n d i n g  o f  

C H I V C K  by serum samples e s s e n t i a l l y  as desc r ibed  i n  (15) .  

Immunoglobulin G ( IgG) was p u r i f i e d  f rom t h e  a n t i s e r a  by b a t c h  

p r e p a r a t i o n  w i t h  DEAE-cel lulose (16) .  

3 

Assay Procedure 

The assay system, which was adapted f rom Reference (9), 

c o n s i s t e d  o f  t h e  f o l l o w i n g  components: m i c r o t i t e t  p l a t e s  (Dynatech, 

FRG, o r  E f l a b ,  F i n l a n d ) ;  1:2,000 d i l u t e d  

carbonate b u f f e r  ( 1 5  mM Na2C03, 40 mM NaHC03, pH 9.6);  VCR-alka- 

l i n e  phosphatase con juga te  (abou t  1 p g l m l )  and s tandards o r  

samples i n  phosphate b u f f e r e d  s a l i n e  (PBS) (137 mM NaC1, 2.7 mM 

KC1, 15 mM Na2HP04, 1.5 mM KH2P04, 0.1 % g e l a t i n  (w/v), pH 7.4); 

PBS-Tween (as above b u t  0.05 % Tween 20 i n s t e a d  o f  g e l a t i n ) ;  3.8 

p o l  of p -n i t ropheny lphospha te  d i s s o l v e d  b e f o r e  use i n  1 m l  o f  

1.25 M d ie thano lamine  b u f f e r  (pH 9.8); 2 M NaOH. 

IgG f r o m  R a b b i t  2 i n  
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118 LAPINJOKI ET AL. 

TABLE 1 

Immunization Schedules o f  t h e  Rabbi ts  Used f o r  An t ibody  Pro- 
d u c t  i on 

Time o f  Dose o f  a n t i g e n  (mg) 
i n j e c t i o n  
(weeks 1 R a b b i t  1 Rabb i t  2 Rabb i t  3 Rabb i t  4 

0 0.75 1 .oo 0.40 0.60 
4 0.75 - - - 
5 - 0.80 0.50 0.45 
9 0.75 - - 

12 - 0.25 0.25 0.30 
13 0.15 I - 

0.30 - 
- 0.30 0.30 0.20 

18 
19 
22 0.15 0.20 0.20 0.10 - 0.10 - 
31 - 0.20 0.27 
27 

32 - 0.50 - - 

- 
- 

- - 

- 
- 

The m i c r o t i t e r  p l a t e s  were coated w i t h  IgG by i n c u b a t i n g  

100 p l  o f  t he  d i l u t i o n  pe r  w e l l  f o r  2 h a t  3 5 O C ,  w h e r e a f t e r  t h e  

p l a t e s  were washed t h r i c e  w i t h  PBS-Tween. 

k a l i n e  phosphatase and 25 p1 o f  s tandard  o r  sample were added and 

t h e  i n c u b a t i o n  and washings were repeated.  F i n a l l y  100 p 1  o f  t h e  

p -n i t ropheny lphospha te  s o l u t i o n  was added p e r  w e l l  , on i c e ;  t h e  

p l a t e s  were i ncuba ted  a t  35OC f o r  2 h, t h e  r e a c t i o n s  were stopped 

w i t h  50 p 1  o f  2 M NaOH and absorbances a t  405 nm were reco rded  

w i t h  a Mu1 t i s c a n  photometer ( Labsystems Oy, F i n l a n d ) .  

t a i n i n g  components o f  t h e  system were p r o t e c t e d  f rom l i g h t  

throughout  s to rage  and t h e  assay procedure. 

Then 75 p1 o f  VCR-al- 

VCR-con- 
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ENZYME-LINKED IMMUNOSORBENT ASSAY FOR VINCRISTINE 119 

P r e p a r a t i o n  o f  B i o l o g i c a l  Samples 

Hepar in i zed  b lood  samples f rom a p a t i e n t  were s t o r e d  f o r  1 

t o  5 days a t  4OC and plasma f o r  t h e  assay was separated by c e n t r i -  

f u g i n g  a t  3,000 g. 

Lea f  d i s c s  6 mm i n  d iameter  were c u t  f rom 4. roseus and 

e x t r a c t e d  i n  80 % methanol f o r  15 h a t  6OoC. 

Both plasma and l e a f  samples were d i l u t e d  w i t h  PBS when 

necessary, and t h e  s tandards used w i t h  them con ta ined  t h e  r e s p e c t -  

i v e  medium i n  l i k e  p r o p o r t i o n s .  

RESULTS 

As seen i n  F ig .  2 o u r  c o n j u g a t i o n  procedure y i e l d s  macro- 

molecules w i t h  c h a r a c t e r i s t i c  absorbances f o r  b o t h  VCRand p r o t e i n ,  

and a t y p i c a l  absorbance o f  t h e  i n t e r m e d i a t e  azo l i n k  i s  p rominen t  

a t  350 nm. 

occu r red  d u r i n g  t h e  coup1 i n g  procedure. 

No s i g n i f i c a n t  loss o f  a l k a l i n e  phosphatase a c t i v i t y  

F i g u r e  3 desc r ibes  t h e  p r o d u c t i o n  o f  VCR a n t i s e r u m  d u r i n g  

immunization. I n  s p i t e  o f  t h e  r i s i n g  t i t e r s  t h e  t rea tmen ts  were 

te rm ina ted  a t  t h e  t imes  i n d i c a t e d ,  s i n c e  t h e  immunogens were 

syn thes i zed  i n  batches des igned f o r  immunizat ion p e r i o d s  o f  abou t  

6 months. Comparison o f  t h e  r e s u l t s  ( F i g .  3 )  w i t h  t h e  immunis- 

a t i o n  schedule (Table 1) i n d i c a t e s  t h a t  h i g h e r  immunogen doses 

r e s u l t e d  i n  h i g h e r  t i t e r s .  

T r i a l s  where u n p u r i f i e d  serum f r o m  t h e  r a b b i t s  was used f o r  

c o a t i n g  m i c r o t i t e r  p l a t e s  showed t h e  r a t i o  o f  VCR-speci f ic  a n t i -  

bodies t o  t o t a l  p r o t e i n s  bound t o  t h e  w e l l s  t o  be t o o  l ow  t o  c a t c h  
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w 
V z 
4 
PT 

v) 

4 

m 
0 0 .  
m 

1 1 1 I 

300 403 500 600 
WAVELLNGTH ( N M )  

FIGURE 2. Absorbance spec t ra  o f  ( 1 )  albumin (1.5 mg/ml), ( 2 )  VCR 
s u l f a t e  (50  )Jg/ml), ( 3 )  VCR-alkal ine phosphatase con juga te  (150 
p g  p r o t e i n  p e r  ml if no loss d u r i n g  c o n j u g a t i o n  process i s  pre -  
sumed), and ( 4 )  VCR-albumin con juga te  (* 150 yg /m l ) .  The t h r e e  
f i r s t  were measured i n  PBS c o n t a i n i n g  20 % ( v / v )  g l y c e r o l  and 
the  f o u r t h  i n  pure water. 
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ENZYME-LINKED IMMUNOSORBENT ASSAY FOR VINCRISTINE 121 

IMMUNIZATIUN TINE ( W E E K S )  

FIGURE 3. T i t e r s  o f  t h e  a n t i s e r a  i n  Rabbi ts  1 t o  4 d u r i n g  t h e  
immunizations o u t l i n e d  i n  Table 1 .  Serum d i l u t i o n s  i n d i c a t e d  a r e  
those b i n d i n g  50 % o f  t h e  C3HlVCR t r a c e r .  

enough o f  t h e  enzyme-linked t r a c e r  f o r  a f e a s i b l e  measurement. 

when t h e  separated IgG f r a c t i o n  was used f o r  c o a t i n g ,  t h e  t r a c e r  

b i n d i n g  became r e a d i l y  measurable. An IgG d i l u t i o n  o f  1:2,000 

( f r o m  Rabb i t  2 )  was s u f f i c i e n t  t o  s a t u r a t e  t h e  w e l l s  w i t h i n  2 h 

a t  35OC. 

w i t h i n  2 h a t  35OC when about  1 yg/ml o f  t h e  enzyme-hapten c o n j u -  

gate was used. 

t h e  bound enzyme a c t i v i t y  i n  zero samples p roduceda  n e t  absorbance 

o f  about  0.5 i n  3 h a t  35OC; d u r i n g  t h i s  t ime  t h e  r e a c t i o n  r a t e  

was conf i rmed t o  be s teady.  

o u t  w i t h i n  one day. 

Bu t  

F i f t y  pe rcen t  t r a c e r  b i n d i n g  t o  t h e  IgG was ach ieved  

I n  t h i s  system, which was t h e  one r o u t i n e l y  used 

Thus t h e  whole assay can be c a r r i e d  
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The cu rve  i n  F ig .  4A showing t h e  d isp lacement  o f  t r a c e r  by  

s tandard VCR samples i n d i c a t e s  t h a t  amounts between 5 and 500 pg, 

- i.g. about 5 and 500 fmol, a r e  measurable by t h e  procedure. The 

r e p e a t a b i l i t y  be low25  pg was somewhat low, b u t  c o u l d  be improved 

by u s i n g  double volumes o f  IgG and t h e  t r a c e r ,  and an i n c u b a t i o n  

t ime  o f  4 h f o r  t h e  enzyme r e a c t i o n .  IgG f rom r a b b i t s  1, 3, and 

4 c o u l d  a l s o  be used f o r  assays, a t  d i l u t i o n s  o f  1:200, 1:800, 

and 1:1.000, r e s p e c t i v e l y ,  w i t h  comparable dispacement curves t o  

the  one i n  F ig .  4A. 

Studies were made on t h e  c r o s s - r e a c t i v i  t i e s  o f  t h e  a n t i  body 

from Rabbi t  2 w i t h  VBL, v i n d e s i n e  ( F i g .  1) and e leven  o t h e r  com- 

pounds s t r u c t u r a l l y  r e l a t e d  (sensu l a t o )  t o  t h e  immunogen: 

a j m a l i c i n e ,  p-aminophenyla lan ine,  3 - i n d o l e a c e t i c  ac id ,  c a t h a r a n t -  

h ine,  l ogan in ,  rese rp ine ,  s t r y c h n i n e ,  s t r yp tamine ,  t r yp tophan ,  

vincamine, and v i n d o l i n e .  Displacement cu rves  c o u l d  be d e t e r -  

mined f o r  VBL and v i n d o l i n e  (F ig .  4B), and some d isp lacement  o f  t h e  

t r a c e r  by v indes ine  became d e t e c t a b l e a t  about  1 y g ;  t h e  o t h e r  com- 

pounds had no e f f e c t  even a t  25 pg. 

o t h e r  IgGs w i t h  VCR and v i n d o l i n e  were comparable t o  those o f  

t h e  IgG f rom Rabb i t  2. 

C r o s s - r e a c t i v i t i e s  o f  t h e  

A p p l i c a b i l i t y  o f  t h e  assay was t e s t e d  w i t h  plasma samples 

f rom a p a t i e n t  undergoing VCR t rea tmen t  and w i t h  samples f rom 

- -  C. roseus. 

a f t e r  a s i n g l e  i n j e c t i o n .  

ed concen t ra t i ons  o f  about 0.2 mg p e r  gram f r e s h  weight .  

Figure 5 summarizes t h e  measured d rug  l e v e l s  i n  plasma 

Assays f rom t h e  l e a f  e x t r a c t s  suggest- 
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5 10 25 50 100 250 500 1000 

AMOUNT OF A L K A L U I D  I N  A SAMPLE ( P G )  
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0.01 0.025 0.05 0.10 0 .25  0.50 1.0 

AMUUNT UF ALKALOID I N  A SAMPLE ( p G )  

FIGURE 4. A .  Displacement o f  t h e  VCR-alkal ine phosbhatase t r a c e r  
by VCR, ana B. by VBL ( e )  and v i n d o l i n e  (0) under t h e  s tandard  
assay c o n d i t i o n s  u s i n g  IgG f rom Rabb i t  2. The p o i n t s  r e p r e s e n t  
means o f  4 de te rm ina t ions .  
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' 1- 
2 4 6 8 2 0  50 100 200 2 50 

T I M E  AFTER I N J E C T I O N  ( H )  

FIGURE 5. V C R c o n c e n t r a t i o n s i n  human plasma a f t e r  an i n t ravenous  
i n j e c t i o n  o f  2 mg p e r  60 kg  body weight .  The p o i n t s  r e p r e s e n t  
means o f  4 de te rm ina t ions .  

The u n p u r i f i e d  serum and p u r i f i e d  IgG r e t a i n  t h e i r  p r o p e r t i e s  

f o r  a t  l e a s t  9 months a t  -2OOC and p l a t e s  p recoa ted  w i t h  d i l u t e d  

IgG c o u l d  be used f o r  assays a f t e r  s to rage  f o r  7 months a t  -2OOC. 

The a l k a l i n e  phosphatase-VCR t r a c e r  i s  des t royed  i f  f r o z e n  i n  t h e  

g e l a t i n - c o n t a i n i n g  PBS, b u t  may be s t o r e d  as such a t  4OC f o r  

severa l  months o r  a t  -2OOC i f  20 % o f  g l y c e r o l  i s  added. 

l o n g e r  s to rage  p e r i o d s  t h e  con juga te  must be r e p u r i f i e d  i n  a 

Sephadex G 25 M column (PD-10)  t o  assure t h e  o r i g i n a l  s e n s i t i v i t y  

o f  t h e  assay. 

A f t e r  

D I S C U S S I O N  

The immunizat ions were s t a r t e d  w i t h  Rabb i t  1, b u t  when 

l e s i o n s  suspected o f  be ing  due t o  t h e  t o x i c i t y  o f  t h e  VCR-albumin 
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complex developed a t  t h e  i n j e c t i o n  s i t e s  we dec ided t o  use 

immunogens prepared w i t h  n o n - s a t u r a t i n g  amounts o f  V C R  i n  t h e  

c o u p l i n g  r e a c t i o n  and t o  decrease t h e  doses more r a p i d l y .  

a n t i c a n c e r  b i s - i n d o l e  a l k a l o i d s  have been shown t o  r e t a i n  t h e i r  

c y t o t o x i c i t y  a f t e r  c o n j u g a t i o n  t o  p r o t e i n  (17 ) ,  and t h i s  t o x i c i t y  

may be the  reason f o r  t he  u n u s u a l l y  s low an t ibody  p r o d u c t i o n  

( F i g .  2 ) .  

too, where an immunogen w i t h  exposed f u n c t i o n a l  groups was used. 

However, t h e  p resen t  immunizat ion r e s u l t s  suggest t h a t  t i t e r s  may 

be improved by f u r t h e r  m o d i f i c a t i o n  o f  t h e  immunogen t rea tmen t .  

The 

Produc t i on  was e v i d e n t l y  s low i n  e a r l i e r  work ( 4 ) ,  

S e n s i t i v i t y  o f  t he  p resen t  method ( F i g .  4A) i s  comparable 

w i t h  the  enzyme-linked immunoassay o f  Hacker e t  a l .  (9), w h i l e  t h e  

s e n s i t i v i t y  o f  radioimmunoassays (4-8)  i s  about  a thousand fo ld  

lower .  The c r o s s - r e a c t i o n  t e s t s  ( F i g .  48) showed t h a t  VBL and 

v i n d o l i n e  d i s p l a c e  t h e  t r a c e r  o n l y  i f  p resen t  i n  about  1 ,500- fo ld  

excess as compared w i t h  VCR, and demonstrate a g r e a t  i nc rease  i n  

s p e c i f i c i t y  r e l a t i v e  t o  e a r l i e r  work. The b e s t  an t i se rum r e p o r t -  

ed thus f a r  ( 5 )  had about  2 0 0 - f o l d  s e n s i t i v i t y  d i f f e r e n c e  between 

V C R  and VBL, and o t h e r  assays had o n l y  some ( 4 )  o r  p r a c t i c a l l y  

no s e l e c t i v i t y  (6 -9 ) .  

view (18 )  t h a t  t h e  cho ice  o f  c o n j u g a t i o n  s i t e  i s  o f  g r e a t  i m p o r t -  

ance i n  p r e p a r i n g  immunogens f rom haptens. 

Thus t h e  p r e s e n t  r e s u l t s  emphasize t h e  

The VCR l e v e l  o f  about  0.02 % determined f o r  5. roseus 

leaves i s  f a r  h i g h e r  than  t h e  y i e l d  o f  0.0002 % o f  d r y  w e i g h t  

r e p o r t e d  f o r  t h e  drug (19 ) .  

d iscrepancy i s  t h e  c r o s s - r e a c t i v i t y  w i t h  v i n d o l i n e ,  which i s  

The most obv ious source o f  t h e  
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presen t  a t  average c o n c e n t r a t i o n s  o f  0.4 % d r y  we igh t  i n  t h e  

p l a n t s  (20) .  

o u r  work i s  s u f f i c i e n t  t o  d i s t o r t  t h e  r e s u l t .  

plasma concen t ra t i ons  determined ( F i g .  5 )  a r e  i n  good acco rd  w i t h  

o t h e r  r e p o r t s  (4,8), and i n d i c a t e  t h a t  o u r  method i s  s u i t a b l e  f o r  

assay ing VCR f o r  c l i n i c a l  o r  pharmacologica l  purposes. I n  these 

a p p l i c a t i o n s  t h e  p o t e n t i a l  c r o s s - r e a c t i n g  compounds a r e  t h e  known 

( c . f .  21) and probable o t h e r  m e t a b o l i t e s  o f  VCR, and an eva lu -  

a t i o n  o f  these on t h e  b a s i s  o f  t h e i r  s t r u c t u r e s  suggest t h a t  t h e  

c r o s s - r e a c t i v i t i e s  would be i n  t h e  range o f  o r  below those  ob- 

t a i n e d  f o r  VBL and v i n d o l i n e .  

r e s u l t e d  i n  an assay t h a t  has t h e  b e s t  combinat ion o f  h i g h  t i t e r ,  

s e n s i t i v i t y ,  and s p e c i f i c i t y  p u b l i s h e d  so f a r  f o r  a b i s - i n d o l e  

Catharanthus a1 k a l o i d ;  and c o n s i d e r i n g  t h e  good s to rage  p roper -  

t i e s  o f  t he  components t h e  method shou ld  prove s u i t a b l e  f o r  r o u -  

t i n e  c l i n i c a l  use. 

Thus even t h e  s l i g h t  c r o s s - r e a c t i v i t y  observed i n  

By c o n t r a s t ,  t h e  

I n  conc lus ion ,  t h e  new con juga te  
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