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RADIOIMNUNOASSAY OF TROSPIUMCHLORIDE, A QUATERNARY 
TROPANE DERIVATIVE 

Timo Lehtola, Olavi Lavikainen and Aarre Huhtikangas 
Department of Pharmaceutical Chemistry 

University of Kuopio 
POB 6 ,  SF-70211 Kuopio, Finland 

ABSTRACT 

A specific radioimmunoassay (RIA) has been developed for 
the determination of picoqram amounts of trospiumchlo- 
ride, an anticholinerqic agent, from unpurified serum 
and urine samples. Practically no interference was ob- 
served €or various potential crossreacting compounds 
tested. The method is sensitive and excellent values 
for accuracy, precision and correlation were obtained. 
( KEY WORDS: Trospiumchloride; radioimmunoassay; anti- 
cholinerqic drug ) .  

INTRODUCTION 

Trospiumchloride [azoniaspir0-(30(-benziloyloxy- 

nortropane-8,1'-pyrrolidine)-chloride] , an anticholin- 
ergic agent ( 1 , 2 , 3 )  with quaternary amine structure is 

not easily quantitated by conventional methods of instru- 

mental analysis. Immunoanalytical methods should offer 

the highest potential for successful analysis considering 

the analytical sensitivity required for pharmacokinetic 

297 

Copyright 0 1988 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



2 98 LEHTOLA, LAVIKAINEN, AND HUHTIKANGAS 

investigations of this type of compound as trospium- 

chloride (4,5,6). 

MATERIALS AND METHODS 

Chemicals 

Trospiumchloride, azoniaspiro-(3D(-hydroxynor- 

tropane-8,1'-pyrrolidine)-chloride and azoniaspiro-(30(- 

hydroxynortropane-8-spiro-l'-pyrroline)-chloride were 

obtained as a generous gift of Dr. Madaus GmbH & Co., 

Cologne, FRG. TropenzilinbrOmi.de was obtained from 

Sandoz AG, Switzerland. Other compounds used in cross- 

reaction tests were obtained from Sigma Chemical Company, 

USA. [3 I , 4 I - ~ H J  -trospiumchloride (specific activity 

37 Ci/mmol) and the ACS-scintillation fluid were obtained 

from Amersham, England. All other chemicals used were 

standard commercial products of analytical grade. 

Preparation of biological samples 

Serum and urine samples for RIA were obtained from 

healthy volunteers after oral and intravenous adminis- 

tration of 1 0 0  ma and 2 mg trospiumchloride, respectively. 

The samples were diluted with PBS-buffer solution (pH 7 , 2 )  

for RIA-procedure. 
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Ant i serum 

The trospiumchloride-immunouen for antiserum pro- 

duction was prepared by diazo-coupling of one or both 

aromatic rings of the 2,2-diphenyl-2-hydroxyacetyl moi- 

ety with diazotized p-aminobenzoic acid (PABA), and sub- 

sequent coupling of bovine serum albumin (BSA) to car- 

boxyl group of the PABA-moiety by usinq I-ethyl-3-(3- 

dimethylaminopropy1)-carbodiimide (EDC) for the conden- 

sation (Fig. 1 )  (7,8). 

PABA (0,45 mmol) was dissolved in 0,2 M HC1 and 

the solution was cooled to 4OC. Then sodium nitrite 

(0 ,60  mmol) was dissolved in ice-cold water, and the 

solutiofi was added dropwise to the solution of PABA. 

The reaction was allowed to stand for 45 minutes at 4OC. 

Sulfamic acid (0,15 mmol) was dissolved in ice-cold 

water and this solution was added dropwise to stop the 

diazotization reaction. Trospiumchloride (0,18 mmol) was 

dissolved in 1:l N,N-dimethylformamide - 0,l M sodium 
borate buffer ( p H  9,0, 4OC). The diazotized PABA solution 

was added dropwise to the solution of trospiumchloride, 

maintaining the pH at 9,O with 0,5 M NaOH. The reaction 

was allowed to proceed in the dark for 4 hours at 4OC, 

after which the pH of the reaction mixture was adjusted 

to 6,O with 1,O ?I HC1. Then BSA (0,0037 mmol) was added 

to the hapten solution (pI1 6,O). Water-soluble EDC 

(0,16 mmol) was added and the reaction was allowed to 
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----- 
c 

pH 9,0, 4OC 

TROSPIUM 
(in 50 % DMF, p H  9 , 0 ,  4OC)  

n 

n 

i / H  6 , 0 ,  23OC 

FIGURE 1.  Synthesis of trospium-BSA immunogen. DMF = 
N,N-dimethylformamide; BSA = bovine serum albumin: 
EDC = l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide. 

0 proceed overnight at 23 C. The BSA-trospiumchloride- 

immunogen was first dialyzed against water for four days 

at 4OC and then aqainst physiological saline for 8 hours. 

The purified and lyophilized immunogen was emulsified 

in Freund's complete adjuvant (9) and given in multisite 

subcutaneous injections ( 1 0 )  to six New Zealand albino 

rabbits at four-week intervals. The rabbits were bled 

after half an year from start of immunization. Antiserum 

was stored frozen at -2OOC. 
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Radioimmunoassay 

After addition of 100 1-11 of a standard solution, 

a sample dilution or a solution of a compound used in 

the crossreaction tests, 100 1.11 of a 1 % solution of 

human gammaglobulin in PBS-buffer, 50 1-11 tritiated tros- 

piumchloride in EtOH-PBS-buffer and 50 ~1 of the PBS- 

buffer-diluted trospiumchloride antiserum were added to 

the tubes. Antiserum dilutions effecting 50 % binding of 

labelled antigen were used in the assay. The tubes were 

vortex-mixed and incubated 24 h at 4OC. Bound and free 

antiaen were separated by polyethyleneglycol (PEG) pre- 

cipitation (11) using 500 1-11 of a 25 % solution of PEG 

6000 in PBS-buffer. After centrifugation (2000 g, 20 min) 

the supernatant was separated by decantation, mixed 

with 5 ml of ACS-scintillation solution and counted 

in a LKB-Wallac 1216 Rackbeta liquid scintillation 

counter. 

RESULTS 

Antibody production against trospiumchloride was 

detectable in five of the six rabbits. The titre (de- 

fined as the final dilution of the antiserum needed to 

bind 50 % of the added 3H-trospiumchloride) of the best 

antiserum was 1:150. 

The standard curve for trospiumchloride and the 

structures of the compounds used in crossreaction 
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F I G U R E  2 .  Standa rd  cu rve  f o r  t ro sp iumch lo r ide  r a d i o -  
immunoassay. B and Bo are t h e  b ind ing  p e r c e n t a g e s  i n  
p re sence  and absence ,  r e s p e c t i v e l y ,  of  u n l a b e l l e d  
t r o s p i u m c h l o r i d e .  Bars  i n d i c a t e  t h e  s t a n d a r d  dev ia -  
t i o n .  

t es t s  w i t h  t r o s p i u m c h l o r i d e  as t h e  r e f e r e n c e  are shown 

i n  F i g s .  2 and 3 ,  r e s p e c t i v e l y .  The c r o s s r e a c t i v i t y  

of t h e  t r o s p i u m c h l o r i d e  an t i s e rum i s  p r e s e n t e d  i n  

Table  1 .  

The a s s a y  d e t e c t i o n  l i m i t ,  d e f i n e d  as t h e  d e t e c -  

t a b l e  c o n c e n t r a t i o n  e q u i v a l e n t  t o  t w i c e  t h e  s t a n d a r d  

d e v i a t i o n  of t h e  zero-b inding  v a l u e ,  w a s  approximate ly  
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1 

[ H3c-$ H 

' P O  H 

5 

4 

CO- CH -CH2 -OH 0 

6 7 

FIGURE 3. Structural features of the crossreacting 
compounds. 1. Trospiumchloride; 2. Azoniaspiro-(30(- 
hydroxynortropane-8,l'-pyrrolidine)-chloride; 
3. Azoniaspiro-(30(-hydroxynortropane-8-spiro-l'- 
pyrrolinel-chloride; 4. Tropenzilinbromide; 5. Nor- 
tropin; 6. Atropine; 7. Scopolamine. 
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TABLE 1 

Crossreactivity of the trospiumchloride antiserum 

Name of compound Crossreaction ( % )  

Tro sp  iumc h lor ide 100 
Azoniaspiro-(3~-hydroxynortroPane- 
8,1'-pyrrolidine)-chloride 0,07 

Azoniaspiro-(3C(-hydroxynortropane- 
8-spiro-l'-pyrroline)-chloride 0,03 
Atropine 
Scopolamine 

0,03 
0,02 

Tropenzilinbromide 0,02 
Nortropin 0 

The crossreactivities were determined at 50 'k inhibit- 
ion of the binding of labelled trospiumchloride. 

10 pq in the 100 p1 sample. The measuring range of the 

assay extends from 10 pq to 2,5 nq of trospiumchloride. 

Linearity was investigated by the sample dilution 

method (12). The regression equation for the serum was 

y=2,1O+Ol99x, with a coefficient of correlation of 

r=0,999 (n=12). The corresponding values for the urine 

were y=O,12+1,OOx and r=0,999 (n=12). Recovery of tros- 

piumchloride added to the serum and urine pools was 

103'81% 1. 1,84% (n=12) for serum and 95,70% + 3,10% - 
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(n=12) for urine. Within-assay and between-assay varia- 

tions for serum samples were 3,9% (n=30) and 6 , 7 %  (n=15), 

respectively. The corresponding values for urine samples 

were 4,8% (n=30) and 7 , 2 %  (n=15). 

D I SC US S I O N  

The present R I A  is an excellent tool for the quan- 

tification of trospiumchloride from biological samples. 

With the crossreaction Percentages 0,07% and 0,03%, 

azoniaspiro-(3~-hydroxynortropane-8,l'-pyrrolidine)-chlo- 

ride and azoniaspiro-(30(-hydroxynortropane-8-spiro-1'- 

pyrrolinel-chloride, respectively, did not interfere in the 

assay. The former compound originates as the main metab- 

olite of trospiumchloride through hydrolysis of the ester 

bond. Tropenzilinbromide, a spasmolytic agent structur- 

ally related to trospiumchloride, crossreacted only 0 , 0 2 %  

in this RIA. The crossreaction percentages of atropine 

and scopolamine, two naturally occuring anticholinergic 

alkaloids, were 0,03% and 0 , 0 2 % ,  respectively. Further- 

more, nortropin did not crossreact in this assay. The 

high specificity of the method obviously results from 

the position to which the protein component has been at- 

tached on trospiumchloride in the immunogen conjuqate 

(13). The specificity of binding of free hapten to anti- 

body is largely determined by the hapten substituent 

groups which are most distant from protein moiety in the 

conjugate (1 4) . 
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The sensitivity of the assay allows extended moni- 

toring of serum and urine levels of this compound which, 

as a quaternary amine is quite rapidly excreted. 

The results concerning the pharmacokinetics of tros- 

piumchloride will be published later. 
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