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Abstract 0 Two types of monoclonal antibodies were used for the 
determination of nicergoline in biological matrices. The antibodies were 
prepared with the hydrolysis products 5-bromonicotinic acid and 1 -methyl- 
1 Oa-methoxydihydrolysergol afler hemisuccinoylation to haptens. The 
current amide bond-generating methods (mixed anhydride-, carbodiimide-, 
carbodiimide/suIfo-Nhydroxysuccinimide-, and dicyclohexylcarbodiimide/ 
Khydroxysuccinimide methods) were used in bovine serum albumin 
(BSA)-coupling techniques and yielded conjugates that were haptenated 
to varying extents. The conjugates exhibiting 23 mol of 1-methyl-l0a- 
methoxydihydrolysergol (MMD) or 41 mol of 5-bromonicotinic acid (BNA) 
per mole of BSA were used for both immunization of mice and for coating 
the wells of the <microtiter plates to select hybridomas and investigate 
specificity of the obtained antibodies. The results of hapten-inhibition 
ELISA using antigen-coated wells indicate that the supernatant of MMD- 
specific hybridoma exhibited 50% inhibition of antibody binding at 17 f. 
2 p g  of MMD and at 24.5 f 2 p g  of nicergoline, and the BNA-specific 
hybridoma exhibited similar inhibition at 147 k 6 p g  of BNA and 500 f. 
30 pg of nicergoline. A main requirement for analytical purposes is that 
two different types of monoclonal antibodies recognize two different 
epitopes on nicergoline and its main metabolite, as shown by hapten- 
inhibition ELISA. 

Nicergoline (Figure l ) ,  an ester of 5-bromonicotinic acid 
(BNA) and the semisynthetic ergot alkaloid 1-methyl-10a- 
methoxydihydrolysergol (MMD), is an  a-adrenergic blocking 
agent. The drug gives rise to an improvement after cerebral 
infarction by reversing platelet aggregation, plasma viscosity, 
and erythrocyte deformabi1ity.l This effect may contribute 
to prevention of formation and progression of thrombosis and 
atherosclerosis in geriatric patients with cerebral infarction. 
Because of the local enhancement of cerebral blood flow and 
metabolism in humans, nicergoline is frequently used in 
therapy of senile cerebral insufficiency.1,2 In humans, the 
drug is metabolized rapidly by hydrolysis yielding BNA and 
MMD, demethylation of MMD, and conjugation to glucuronic 
acid, as confirmed by in vivo application of nicergoline that 
was radioactively labelled in the BNA or MMD moiety, 
re~pectively.~ Because of the lack in sensitivity and specificity 
of assay systems, there were little data available about 
bioavailability and pharmacokinetics in humans until Nieder 
and Jager4 reported a new HPLC method. Although there is 
a published radioimmunoassay in which formaldehyde is used 
for coupling of 1-desmethylnicergoline to bovine serum albu- 
min (BSA) and polyclonal antibodies, this system is not 
applicable because of the instability of this antigen.5 The 
advantages monoclonal antibodies (mAb) offer for ELISA are 
the possibilities to define epitope specificity and sensitivity, 
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Figure 1-Nicergoline and its metabolites 

and to avoid crossreactivity of the antibody used as a reagent 
in ELISA by selection of the hybridoma. 

The main problem and prerequisite for the production of 
specific mAbs recognizing low molecular weight drugs is the 
synthesis of amine-reactive derivatives of drugs for the 
preparation of immunogenic drug-protein conjugates, There- 
fore, the drug molecule has to be modified for coupling to the 
carrier molecule in such a way that metabolic as well as 
pharmacologic active sites are not affected by the derivatiza- 
tion. 

To gain epitope-specific antibodies as a tool for sensitive 
and selective determination of nicergoline, its hydrolysis 
products, and metabolite 1, we investigated various pathways 
for the synthesis of immunogens by different amide bond- 
generating methods. Considering the extent of hapten incor- 
poration, exposition of the hapten, kind of carrier-protein, 
and solubility of the antigen, we selected the most appropriate 
immunogens for immunization of mice and generation of 
monoclonal antibodies. 

Experimental Section 
Materials--Nicergoline was obtained from Kwizda GesmbH (Vi- 

enna, Austria); isobutylchloroformate and tri-N-butylamine were 
obtained from Fluka (Buchs, Switzerland); BSA (99%, essentially 
globuline free ), NJV-dicyclohexylcarbodiimide, dinitrofluorbenzene, 
trinitrobenzenesulfonic acid, l-cyclohexyl-3-(2-morpholinoethyl)car- 
bodiimide, and complete and incomplete Freunds adjuvant were from 
Sigma (St. Louis, MO); N-hydroxysuccinimide and sulfo-N-hydroxy- 
succinimide were from Pierce (Oud-Beijerland, Netherlands); poly- 
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Table 1-Comparison of the 13C NMR Chemical Shifts (pprn) of 
Nicergoline, MMD, MMD-17-hemisuccinate, and BNA 

Carbon Nicergoline MMD MMD-17-hemisuccinate BNA 

Ergoline moiety 
2 121.4 
3 110.3 
4 22.4 
5 70.0 
7 60.7 
a 31.6 
9 30.2 
10 73.6 
11 129.7 
12 115.0 
13 123.3 
14 109.0 
15 126.3 
16 135.2 
17 68.6 
Ni-CHj 32.8 
N&H3 43.4 
OCH3 49.5 

1' 

3' 127.5 
4' 139.6 
5' 120.7 
6' 154.6 
COOH 164.0 

Acid moiety 
- 

2' 148.8 

121.4 
110.6 
22.4 
70.3 
60.7 
32.6 
30.2 
73.7 

130.3 
115.0 
123.0 

126.4 
135.2 
66.0 
34.3 
43.8 
49.3 

I 08.6 

- 
- 

- 
- 
- 

- 
- 

21.5 
109.7 

69.2 
59.6 
32.7 
30.3 
73.6 

129.2 
115.0 
123.3 
109.0 
126.2 
135.1 
66.7 
31.9 
42.7 
49.4 

173.5 

21 .a 

30.8 
30.8 
I 78.0 
- 

- 
- 

a -, Not applicable. 

ethyleneglycol (MW 4000) and solvents were from Merck (Darmstadt, 
Germany); hypoxanthin-aminopterin-thymidine (HAT) medium, hy- 
poxanthin-thymidine (HT) medium and fetal calf serum were from 
Flow Laboratories (Irvine, Scotland, UK); and peroxidase-coupled 
goat-anti-mouse IgG/IgM was from An der Grub (Vienna, Austria). 
All other chemicals were of analytical grade and used as supplied. 

Synthesis of Haptens-Nicergoline (1.0 g, 2 mmol) was hydro- 
lyzed by refluxing in 30 mL of a methano1:water solvent ( l : l ,  v/v) 
with 12% (w/v) potassium hydroxide. The reaction mixture was 
extracted with chloroform, and l-methyl-l0a-methoxydihydrolysergol 
(MMD) was crystallized from acetone; mp 214-216 "C (91% of the 
theoretical yield); IR (potassium bromide): v 2810 (NI-CH~), 2800 (N6- 
CH3), and 2790 (O-CH3) crn-'; MS: m/z (relative intensity %) 301 
(MH+, 1001, 300 (M+, 54), 285 (M+ -15, 541, 270 (M+ -30, 861, 268 
(M+ -32,79), 237 (M+ -63,60), 221 (M+ -79,27), 207 (M+ -79,26), 
198 (M+ -102, 64), 183 (M+ -117, 44); 13C NMR (see Table 1). By 
extraction of the acidified aqueous layer with chloroform and crystal- 
lization from water, 12% of the theoretical yield of BNA was obtained; 
mp 176 "C; IR (potassium bromide): Y 1410, 1450 and 1580 (C=C/ 
C=N),1670 (C=0),1290 (C-0) and Y 1095 ((3-01, and 1020 (C-Br) 
cm-l; MS: m/z (relative intensity %) 201/203 (M+, 100/97.2), 183/ 
185 (M+ -18, 42/42.1), 156/158 (M+ -45, 21.9/21.5); 13C NMR (see 
Table 1). 

MMD (1 mmol) was converted to the corresponding MMD-17- 
hemisuccinate (MMDH) by refluxing with succinic anhydride (4 mmol) 
in 30 mL of anhydrous pyridine in the dark. The product (Rf = 0.46) 
was identified by thin-layer chromatography (TLC) after detection 
with glyoxylic acid spray reagent that indicated the indole nucleus. 
In contrast, MMDH appeared at  Rf = 0.09. The mixture was 
evaporated to dryness, suspended in water, and extracted with 
diethylether two times to remove brown-colored apolar decomposition 
products. The dry residue of the aqueous layer was suspended in 
chloroform, and excess succinic acid was filtered off. Pure product 
was isolated by column chromatography on silica using methanol: 
water (4:1, v/v) as eluent. 

Crystallization from an acetonelwater mixture yielded 76% of the 
theoretical yield of MMDH; mp 91 "C; IR (potassium bromide): Y 3100 

(C=O), and 1590 (C-O,,t,,) cm-l; MS: n / z  (relative intensity %) 401 
(0-H), 2990 (C-H), 2810 (NI-CH~), 2800 (Ns-CH3), 2790 (O-CHd, 1730 

(MH+, 301, 400 (M+, 291, 385 (M+ -15, 431, 370 (M+ -30, 901, 368 
(M+ -32, loo), 324 (368 -44, lo), 300 (59), 285 (281, 270 (61), 268 
(84), 237 (69), 221 (46), 207 (511, 198 (85); 13C NMR (see Table 1). 

Preparation of Hapten-BSA Conjugates-To compare the 
coupling efficiency of all the batches, the total volumes of the different 
solutions used in the coupling procedures were held constant. 
Coupling by the mixed anhydride method was done as described by 
Erlanger e t  a1.6 with slight modifications. In brief, 100 pmol of tri- 
N-butylamine was added to a suspension of 100 pmol of MMDH in 
800 pL of anhydrous dioxane to dissolve the carbonic acid, and the 
mixture was cooled to 10-12 "C. After addition of 100 pmol of 
isobutyl-chloroformate, the mixture was incubated a t  10 "C for 30 
min. The reaction was monitored by TLC in methanol, which showed 
conversion to the mixed anhydride (Rf = 0.35) to an extent of -75% 
(R~MMD = 0.18, R ~ M D H  = 0.23). The mixed anhydride of MMDH was 
poured into the solution of the carrier protein, containing 1.6 pmol of 
BSA in 5.4 mL of dioxane:water (1:1.5; v/v). Immediately after 
initiation of the reaction, 1 M sodium hydroxide was added to raise 
the pH to 7.5-8.5, and the pH was kept constant for the first 2 h by 
readjustment with the same reagent. After incubation overnight a t  
10 "C, the conjugate was filtered through Sephadex G25 and dialyzed 
against water until no free drug was detectable. 

Remaining drug in the dialysis medium (dried residue) and possible 
noncovalently bound hapten in the liquid layer of an extraction step 
of -20 mg of conjugate [acetone:water (2:1, v/v) extract of the 
conjugate] was examined by TLC after spraying with glyoxlic acid 
reagent (the TLC has a detection limit of -100 ng indole per spot). 
Then the conjugate, free of unbound drug was lyophilized for further 
analysis. To avoid crosslinking of the carrier protein, coupling by 
the carbodiimide method was done by a two-step mechanism (at pH 
4.0 for activation and subsequently at pH 8.0 for coupling the 
preactivated hapten to the carrier) according to the method of Stein,7 
except that the molar ratio of MMDH to carbodiimide was 1:O.g in 
our experiments. The conjugates were purified as just described. 

MMDH was also converted to the sulfo-N-hydroxysuccinimidester 
by reacting with water-soluble carbodiimidelsulfo-N-hydroxysuccin- 
imide at pH 7.0.8 TLC analysis of the activated hapten showed an 
esterification rate of -50%. For covalent attachment of MMDH to 
BSA, different molar ratios of carbodiimide to sulfo-N-hydroxysuc- 
cinimide (l:l,  1:2, 1:3, 1:4) and MMDH to BSA were tested. 

MMDH was activated by dicyclohexylcarbodiimide in chloroform 
using N-hydroxysuccinimide followed by isolation of the activated 
product by preparative TLC as described by F u c h ~ . ~ J ~  Incubation of 
the activated ester with BSA in sodium bicarbonate (pH 8.0) overnight 
a t  4 "C yielded a conjugate, which proved to be insoluble even in tris- 
(hydroxymethy1)aminomethane buffered saline (pH 8.6) containing 
0.3% sodium dodecylsulfate. 

Production of mAbs-Production of mAbs was done according 
to the procedure described by Fazekas de St.Groth.ll For immuniza- 
tion, a mixture of equal volumes of a 100-pg antigen suspension in 
phosphate-buffered saline (PBS) and complete Freund's adjuvant (1 
mL) was subcutaneously administered at two or three sites to three 
mice of BALB/c origin. Booster injections were administered 4 weeks 
later using 50 pg of antigen in PBS mixed with an equal volume of 
incomplete Freund's adjuvant. ARer 4 days, poly(ethy1ene glycol) was 
used to fuse isolated spleen cells with mouse myeloma P3X63Ag8.653 
cells. The hybridomas were grown on peritoneal macrophage feed- 
erlayers in microtiter plates. 

The supernatants of the HAT-selected hybridoma cells (-150-200 
clones) were screened by solid-phase ELISA using BSA (carrier 
protein) and antigen for negative and positive selection, respectively. 
Peroxidase-coupled goat-anti-mouse-IgG/IgM and the substrate o- 
phenylenediamine-hydrochloridehydrogen peroxide were used for 
detection. 

Cloning was done twice by limited dilution, and the specificity of 
the cloned hybridomas was tested by hapten inhibition assay two 
times in duplicate. Coating of the wells of microtiterplates was done 
with an appropriate drug conjugate (antigen in PBS, 100 ygimL, 4 
"C, overnight), followed by BSA (1% in PBS, 1 h at room temperature) 
for saturation of the nonspecific binding sites. For hapten-inhibition 
ELISA, the antigen-coated wells were incubated overnight with a 
premixture of supernatant of the hybridomas and a desired concen- 
tration of haptens (nicergoline, MMDH, BNA). After washing with 
PBS three times, competitive inhibition of hapten binding sites was 
detected by labeling of bound primary antibody with peroxidase- 
coupled goat-anti-mouse-IgG/IgM for 2 h a t  37 "C. After washing, 
remaining enzyme activity was measured at 490 nm, using the 
substrate o-phenylenediamine hydrochloridehydrogen peroxide, after 
stopping the reaction by addition of 3 M sulfuric acid. 
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Analytical Methods-TLC was performed on KGF254 sheets with 
methano1:water (4:l) as the mobile phase. Detection of indole was 
done by spraying with glyoxylic acid reagent (0.5 g of glyoxylic acid 
and 0.5 g of ferric chloride in 60 mL of acetic acid, 30 mL of sulfuric 
acid, and 10 mL of distilled water). 

Ultraviolet spectra were recorded on a spectrophotometer (DU 50) 
from Beckman, IR spectra were recorded on a Perkin-Elmer spectro- 
photometer (model 257), 13C NMR were recorded on a Bruker WM 
250 MHz, and mass spectra were recorded on a Shimadzu GCIMS- 
QP1000, DIMS (ion source: 70 eV, 250 "C, 3 x tom; scan: 50 - 
700/2). The number of haptens coupled per molecule of BSA was 
calculated from the absorption at 295 nm relatively to BSA or coupling 
agent-modified BSA (carbodiimide conjugates12) in Tris buffered saline 
(pH 8.6) containing 0.3% SDS. Estimation of the remaining free 
amino groups after conjugation of hapten was done by the dinitro- 
flu~robenzenel~ and the trinitrobenzenesulphonic acid tests,14 with 
N-6-dinitrophenyllysin or e-aminocaproic acid for calibration. SDS- 
PAGE was used t o  investigate gross structural changes of the carrier 
protein.15 

Results and Discussion 
To establish immunological reagents for the determination 

of the concentration of small molecules, there is a strict need 
for conjugation of the drug to an appropriate immunogenic 
carrier. The carrier protein we used for conjugation of the 
hapten is BSA, which contains 60 amino groups, 59 of which 
are derived from lysyl residues and -35 of which are exposed 
to the surface of the molecule at physiological conditions.16 
BSA retains solubility under widely varying conditions, 
facilitating the synthesis and purification of immunogens. For 
immunization of mice, BSA should be heterologous enough 
to possibly provoke an  immune response. 

The hapten coupling site is a major determinant of antibody 
specificity, so haptens for synthesis of immunogenic drug- 
protein conjugates were selected according to the metabolic 
pathway of the esteric drug.17 For synthesis of immunogenic 
drug-protein conjugates, which would be appropriate for 
production of epitope-specific mAbs directed to two different 
epitopes of the parent drug, nicergoline was hydrolyzed to 
yield BNA (-12% of recovery) and the ergot moiety MMD 
(91% recovery). Several analytical spectroscopic methods (IR, 
13C NMR, MS) confirmed unmodified stereochemistry and 
purity of both hydrolysis products. As described previously 
for several drugs, including biogenic amines or steroids 
containing a carbonic acid moiety, the drug itself without any 
modification can be coupled to the carrier protein. 

The primary alcohol MMD has no functional group suitable 
for covalent attachment to the carrier protein, so it had to be 
converted to a carboxylic acid derivative by hemisuccinoylation 
with succinic acid anhydride. In contrast to MMD, the IR 
spectrum of the product exhibited additional signals at Y 3100 
(0-H), 1730 (C=O), and 1590 (C-0) cm-', and 6 930 (0-H) 
cm-', indicating a carboxylic acid moiety. Comparison of the 
13C NMR spectra of MMD, MMDH, and the parent drug 
(Table 1, Figure 1) indicates that  the chemical shifts of the 
ergoline part of the molecule were not altered by hydrolysis 
of nicergoline or by subsequent esterification with succinic 
anhydride. Only the C17-carbon (nicergoline: 68.6 ppm, 
MMD: 66.0 ppm) was shifted -2.5 ppm to a lower field (66.7 
ppm) by hydrolysis and esterification because it was slightly 
deshielded by the carbonyl group. After hemisuccinoylation 
of MMD, three additional signals of succinic acid were 
recorded. The esteric carbonyl (Cl') at lower field (173.5 ppm), 
the carbon of the free acid (C4') a t  178.0 ppm, and the two 
methylene groups (CZ', C3') that are due to the same chemical 
shift at 30.8 ppm. A comparison of the chemical shifts of the 
ergoline carbons, especially the asymmetric carbons C5, C8, 
and C10 of MMD, MMDH, and nicergoline, respectively, allow 
confirmation of the respective 5p- ,  Sp-,  an  10a-stereochemis- 
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Figure 2-Coupling extent of MMDH-BSA conjugates. The curves show 
conjugates obtained by mixed anhydride method (hatched circle), carbodiimide 
method (hatched square), and the carbodiimidelsulfo-Nhydroxysuccinimide method 
(0). Data shown in this diagram were determined by UV-difference spectroscopy. 

try. Although carboxylation of MMD occured at the alcohol 
moiety of MMD, the stereochemistry of the molecule hadn't 
been altered. The pharmacological effects of nicergoline 
depend on the steric orientation of the indole nucleus rather 
than the basic center at C6 and the asymmetric carbon on 
C8.IR Therefore, usefulness of the antibodies obtained for 
determination of nicergoline and its metabolite depends on 
the steric conformation of the hapten. 

By succinoylation, a four-carbon spacer arm was introduced 
to expose the ergot moiety hapten from the surface of the 
carrier protein. This exposure, in turn, permitted free rotation 
of the desired epitope and therefore facilitated the production 
of MMD-specific antibodies. The use of a spacer between the 
hapten and the protein has been shown previously to improve 
~pecificity'~ and recognition of the hapten.20 

Haptenation of the chemically activated hydrolysis products 
of nicergoline by the mixed anhydride method yielded densely 
coated carrier proteins with coupling rates ranging from 12 
to 45 mol of hapten per mole of protein dependent on the molar 
ratio of free carrier amino groups to hapten used (Figure 2). 
The range of the coupling rates is in accordance to the antigen 
synthesis described for testosterone-3-carboxy-methyloxime.21 
As shown by TLC of the activation reaction mixture -50% of 
the MMDH was converted to the corresponding mixed anhy- 
dride. Therefore, this method provides variable degrees of 
carrier substitution and the necessary variety of coating 
materials for ELISA plates or immunization. Maximum 
protein substitution was probably reached because near 
saturating concentrations of the activated hapten in dioxad 
water was used. No difference in the coupling rate was 
observed (Table 2) when increasing dilution of the reactants 
was assessed. As a consequence of the high substitution by 
MMDH, the hydrophobicity of the carrier protein was in- 
creased such that the antigens were not able to migrate in 
SDS-PAGE. The pharmacological activity of drugs is stereo- 
selective, so the stereochemistry of the hapten in immuno- 
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Table 2-Dependence of the Coupling Extent of MMDH to BSA on the 
Dilution of the Reactants using the Mixed Anhydride Methoda 

Coupling Extent (mol MMDH/mol BSA) Relative Volume of Solution 

100 

90 

1 .o 
1.3 
2.0 
2.5 
3.0 
3.5 
4.0 

32.1 
32.2 
34.5 
36.5 
34.7 
34.0 
34.4 

aReaction&me, 6.2 mL; molar ratio of MMDH/amino group on BSA in each 
batch, 1.5:l. 

Table 3-Dependence of the Coupling Extent of the Molar Ratio of 
CME-CDI and Sulfo-Nhydroxysuccinimide 

Molar Ratio (CME-CDI Sulfo-NHS) Coupling Extent (mol MMDHlmol BSA) 

80 

70 

60 - e 
c) 

8 50 
(c 

s 
40 

30 

~~ 

1:1 
1 :2 
1 :3 
1 :4 

4.2 
2.9 
2.6 
3.0 

20 

10 

conjugates used for the immunization may not be altered. To 
ensure that the desired epitope on MMD wasn’t modified by 
the coupling reaction, mixed anhydride-activated MMDH was 
coupled to 6-aminocaproic acid as a substitute for the carrier 
protein. The isolation of the product by preparative TLC, 
followed by alkaline hydrolysis yielded a substance with 13C 
NMR data identical to  that of MMD. 

Coupling by the carbodiimide-method alone resulted in low 
substitution of -1 mol of hapten per mole of carrier. However, 
when sulfo-N-hydroxysuccinimide was added, hapten forma- 
tion increased significantly (Figure 2) because enhancement 
of ester formation as an intermediary product. The best 
results were obtained with equal molar amounts of both 
reactants because increasing amounts of sulfo-N-hydroxysuc- 
cinimide resulted in decreasing coupling rates (Table 3). 
Increases in the amount of activated hapten added to a fixed 
concentration of carrier resulted in a linear increase of BSA 
haptenation. Approximately 43% of the accessible amino 
groups located on the surface of the carrier protein were 
blocked at the molar ratio of 3 mol of hapten per mole of free 
amino group on BSA. TLC analysis of the activated ester of 
MMDH (obtained by reaction with dicyclohexycarbodiimide 
and N-hydroxysuccinimide) showed that MMDH had reacted, 
yielding equal amounts of three hapten activation products. 
Coupling of the activated drug to BSA generated a drug- 
protein conjugate that was insoluble even in Tris buffered 
saline (pH 8.6) containing 0.3 % SDS. The DNFB test applied 
to the conjugate demonstrated that 10 mol of amino groups 
on BSA were blocked by derivatization. 

In a conjugate, the haptens themselves serve as epitopes 
for binding to the antibodies on the B-cell surface and the 
carrier protein provides the class I1 T-cell receptor binding 
sites. Therefore, a minimum conjugation number of hapten, 
covalently attached to the surface of the carrier protein, should 
be reached. This minimum ranges from 10 to 30 mol of hapten 
per mole of BSA.22,23 But, oversubstitution (-50 residues per 
molecule of carrier protein) also reduced imm~nogenicity.~~ 
There would exist an optimum conjugation number with ratios 
varying from 10 to 25 mol of hapten per mole of BSA, 
providing an immune response directed against the hapten. 
Harlow and Lane25 suggested -1 mol of hapten per 50 amino 
acids of carrier as a reasonable coupling ratio. 

To provoke both a cellular and a humoral immune response, 
the immunogen should possess a minimum water solubility. 

0 21 42 83 167 333 

Nicergoline concentration (1191 rnl) 

Figure 3-Nicergoline-inhibition ELISA of hybridomas producing MMD moiety- 
specific mAbs. Results of three different hybridomas [hybridoma NICl (hatched 
circle), hybridoma NIC2 (hatched square), and hybridoma NIC3 (O)] and a control 
antibody (0) are shown. 

Making use of the antigen for coating the wells of a microti- 
terplate, soluble antigen is required for ELISA-screening of 
the hybridoma supernatants. 

In detail, a BSA conjugate synthesized by the mixed 
anhydride method, bearing 23 (UV difference spectroscopy) 
or 25 (dinitrofluorbenzene test) mol of MMD per mole of BSA 
was used for immunization to enhance production of hapten- 
specific antibodies. A conjugation number of 23 mol of MMD 
corresponds to a derivatization of accessable lysyl amino 
residues on the surface of BSA to an extent of 71% (38% of 
the total number of amino groups). To provoke an immune 
response directed against the second moiety of the drug, BNA 
was coupled to BSA via the mixed anhydride method to yield 
an immunogen carrying 41 or 46 mol of BNA per mole of 
carrier as measured by UV difference spectroscopy or the 
trinitrobenzenesulfonic acid test, respectively. This conjuga- 
tion number corresponds to a maximum attachment of BNA 
on the surface of the carrier protein, but the hapten is also 
incorporated inside the folded protein. During derivatization, 
obviously, the carrier undergoes a significant change in 
molecular structure. Thus, reactive groups of the inner core 
of the carrier protein might be exposed to react with additional 
hapten. As determined by SDS-PAGE, the conjugate shows 
an apparent MW of 57 kDa in contrast to the carrier protein 
alone, which has a MW of 66 kDa. Upon attachment of BNA, 
a change in both molecular structure and hydrophilicity 
occured such that the conjugate band migrated in a different 
manner compared with the carrier alone. Analysis of the 
conjugate by the dinitrofluorbenzene test resulted in a dif- 
fering rate of 26 mol of BNA per mole of BSA. 

To gain epitope-specific mAbs, only hybridomas exhibiting 
a positive ELISA test result in the antigen assay, as opposed 
to the carrier assay, were propagated further. The specificity 
assay identified three of the cloned hybridoma cell lines 
producing MMD and two hybridomas producing BNA anti- 
bodies, respectively. According to Figure 3, binding of hybri- 
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Figure 4-Hapten-inhibition ELISA of BNA-specific antibody in presence of parent 
drug-related compounds. Key: 5-bromo nicotinic acid (hatched circle), nicergoline 
(0), MMD (metabolite 1, hatched square), and metabolite 2 (0). 

doma Nic-1 mAbs to the parent drug was inhibited in a dose- 
dependent function by nicergoline, whereas the supernatant 
of a nonspecific hybridoma had no effect. At 333 pg of 
nicergoline/mL, there was nearly total inhibition (95.6%). 
Nic-2 and Nic-3 only differ quantitatively. Binding of mAbs 
of the hybridoma cell lines BNA-1 and BNAS was also 
inhibited by the parent drug selectively. 

Epitope specificity of BNA antibodies was tested by hapten- 
inhibition ELISA with BSA bound BNA to coat the wells and 
the parent drug, MMD, or BNA to compete for the binding 
site of the antibody. Reactivity of antibodies added to the 
BNA coating was inhibited to 50% (IC50) by 147 f 6 pg of BNA/ 
mL (n = 3) and 500 f 30 pg of nicergoline/mL (n = 31, whereas 
MMD showed an IC50 of >5000 pg/mL (Figure 4). In an  assay 
similar to that just  described, but utilizing MMD antigen to 
coat the solid phase and MMD antibodies, the binding of the 
antibodies was inhibited competitively by MMD (IC50, 17 & 2 
pg of MMD/mL) and nicergoline (IC50, 24.5 rt 3.5 pg of 
nicergoline/mL; n = 3), whereas the effect of BNA and 
metabolite I1 was comparable to signal noise in the area of 
the baseline (Figure 5). Thus, the two different types of 
antibodies obtained recognize both the parent drug and the 
acid part or ergot moiety, respectively. 

Conclusions 
For synthesis of haptens containing partial structures of 

nicergoline, the ester was hydrolyzed and the acid part as well 
as the hemisuccinoylated alcoholic part of the molecule were 
characterized by spectroscopic methods. Exposition of the 
ergot moiety of MMD by the four-carbon spacer permits free 
rotation of the desired epitope. The indole-containing skeleton 
of the alcohol moiety is especially likely to elicit an  immune 
response as shown by Quesniaux et  al.26 for cyclosporine 
antibodies. Only moieties of the molecule localized opposite 
to the coupling site showed activity with the antibodies 
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Figure 5-Hapten-inhibition ELSA of MMD-specific antibody in presence of 
structurally related compounds. Key: nicergoline (hatched circle), MMD (metabolite 
1, 0), metabolite 2 (hatched square), and 5-bromo nicotinic acid (0). 

generated in these experiments. Preparation of antigens and 
soluble coatings for solid-phase ELISA by different amide 
bond-generating methods yielded drug-protein conjugates 
haptenated to a varying extent, depending on the coupling 
method and the molar ratio of activated ester of the drug and 
protein. In our study, the mixed anhydride method is best 
suited for the coupling procedure. Depending on the coupling 
method and the molar ratio of carrier protein and hapten, 
soluble drug- protein conjugates can be prepared that are 
appropriate for different immunological or analytical purposes. 
After immunization of mice, two different types of mAbs were 
obtained, which recognize two different epitopes on nicergoline 
and provide a sensitive analytical tool for studies of pharma- 
kokinetics and bioavailability. These two types of mAbs can 
be used to detect intact nicergoline as well as MMD and BNA. 
As preliminary results show, nicergoline could be detected by 
an  ELISA with a BNA-specific antibody to coat the wells and 
a MMD-specific antibody as first antibody, possibly due to the 
free 
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rotation of the ester bond. 
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