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ABSTRACT

With the aim to obtain specific anti-cocaine antibodies directed against cocaine and active metabolites
for use in immunotherapy, a series of six haptens were prepared, based on the structure of cocaine. The
haptens differed by 3 positions of linkers: nitrogen, carboxyl group, and aromatic nucleus. The haptens were
grafted onto 3 carrier proteins: bovine serum albumin, tetanus toxoid or keyhole limpet hemocyanin accord-
ing to different methods of coupling: carbodiimide or mixed anhydride techniques. The immuno-conjugates
were administered to rabbits and the antisera elicited were analyzed in term of titer, affinity and specificity.
Variation in antisera properties were observed and attributed to the site of coupling the hapten, to the car-
rier proteins, and to the method of coupling. Antisera titers were in the range of 1/1 (no significant response)
to 1/12,832, with antisera affinity up to 5.9 x 10" M-1. This strategy allowed the selection of a new hapten,
which after coupling on carrier proteins, led to the production of antisera with a high specificity toward
cocaine and cocaethylene, but exclude the inactive metabolites of cocaine.
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INTRODUCTION

Cocaine is a powerfully addicting drug of abuse
that has been increasingly associated with toxic con-
sequences, a problem that is exacerbated by the lack of
effective pharmacotherapies for treating cocaine over-
dose. Cocaine toxicity-related cardiac morbidity and
mortality are due to several interacting mechanisms.
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Cocaine has a potent pharmacological effect, indirect-
ly stimulating the sympathetic nervous system (1), and
it has a direct toxic effect on the heart (2). Cardiovas-
cular complications include myocardial ischemia and
infarction (3, 4).

Toxic actions of cocaine are mediated through ef-
fects at multiple receptors (dopamine, norepinephrine
and serotonin transporters) inducing a great obstacle for
the classical receptor-antagonist approach. Up to date,
they have contributed to the failure to devise specific
treatments for cocaine overdose and addiction. This
encouraged researchers to develop non-classical ap-
proaches including several immunological approaches
for the treatment of cocaine overdoses (5). Catalytic an-
tibodies have been able to reduce cocaine activity on
heart (6). Alternatively, vaccination of animals with
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several cocaine-protein conjugate has induced a signifi-
cant change in cocaine pharmacokinetics, inducing de-
creased levels of cocaine in the brain (7, 8). The crystal
structure of complexes between monoclonal antibodies
and cocaine has been reported (9, 10).

On a clinical point of view, cocaine abuse is in most
cases associated with alcohol intake (11), resulting in
an increase of the stimulative effects of cocaine (12).
These stronger effects are due to the formation of co-
caethylene a more active cocaine metabolite. Cocaeth-
ylene is also more toxic than cocaine: peak serum co-
caethylene concentrations have been associated with
prolonged myocardial depression (13). Toxicity on en-
dothelial cells has been recently pointed out (14).

Cocaine is rapidly hydrolysed into inactive me-

tabolites: benzoylecgonine, ecgonine methylester and
finally ecgonine. In contrast to other metabolites, co-
caethylene is more stable and its blood concentration
is regularly found in higher concentration as compared
to cocaine (15). The cardiotoxicity of cocaethylene has
been studied in several animal models (16, 17).

We embarked on a project to develop antibodies
that could be used for an immunotherapy of cocaine
overdoses. We report the selection of the antigen in
order to develop antibodies directed against only co-
caine and its toxic metabolites like cocaethylene. We
present the study of the relation between hapten struc-
ture and cross-reactitivity of the antibodies produced
by immunization of rabbits with hapten-carrier protein
conjugates (Figure 1).
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Figure 1. Structures of cocaine 1la, cocaethylene 1b, and synthetised haptens : benzoylecgonine 2, N - (benzoylecgonyl)-b-alanine 3, N -
(acetic acid) -norcocaine trifluroacetate 4, 4’ - (oxyacetic acid) - benzoylecgonine methyl ester Sa, 4’ - (oxyacetic acid)-benzoylecgonine

ethyl ester Sb, 4’ - (oxyacetic acid) - benzoylecgonine-N-ethylamide 6.



MATERIALS AND METHODS

Chemicals and instrumentation

Cocaine, la was purchased from Cooper (Melun,
France). Benzoylecgonine, 2, and haptens 3-6 were
prepared from cocaine by known methods (18, 19).

Preparation of immunogens

The immunogens were prepared by coupling the
six haptens to different carriers: bovine serum al-
bumin (BSA: JRH Biosciences, Valbiotech, France;
Mw=65,000 daltons), tetanus toxoid (TT: Pasteur-Méri-
eux Connaught, Marcy I’Etoile, France; MW=150,000
daltons), or keyhole limpet hemocyanin (KLH: Imject
Mariculture Keyhole, Pierce, Interchim. KLH consist
of several subunits of 450,000 daltons each, existing
as a didecamer with an approximate molecular weight
of 8 millions daltons. For each solution, protein titra-
tion was performed by the BCA protein assay (Pierce,
Interchim).

The immunoconjugates were prepared using ei-
ther the carbodiimide (EDC) (20), or the mixed anhy-
dride (MA) techniques (21). The molar ratio of hap-
ten/tetanus toxoid and hapten/BSA was 50:1, whereas
the molar ratio for hapten/KLH was 100:1, based on
800,000 kDa for KLH. The hapten-carrier protein im-
munoconjugates were dialyzed overnight at +4°C in
a dialysis cassette (Slide-A-Lyser cassettel0K, Pierce,
Interchim) against phosphate buffered saline, pH7.4,
to remove unbound haptens, until no free drug was de-
tectable by U.V. detection at 255 nm. The immunocon-
jugates were kept frozen at -20°C until use. The num-
ber of hapten molecules linked to the carrier protein
(mole per mole) was determined by the trinitrobenzene
sulfonic acid (TNBS) method (22).

Production of antisera

Six groups of five New Zealand white female rab-
bits were immunized as previously described (23).
Briefly, 0.5 mg of immunogens where injected sub-
cutaneously into the back of each animal, in multiple
points (5-8), with complete Freund adjuvant for the
first administration, then with incomplete Freund ad-
juvant for the subsequent injections. Blood was with-
drawn from marginal ear vein one week after each
injection. Plasma were separated by centrifugation
(4000 rpm/min, at +4°C), and antisera were analyzed
for titer, affinity and specificity.

Analysis of antisera

The titration of anti-cocaine antibodies was per-
formed using a radio-immunoassay assay procedure.
Serially diluted antisera were analyzed by competi-
tive immunoassay using a determined quantity of
3H-cocaine (28,000 dpm, 0.96 pmol/tube) (levo-
[benzoyl-3,4-3H(N)]-cocaine, ref: NET-510, 925GBq-
1.85TBg/mmol, NEN, France). The separation of
bound and free ligand from antigen-antibody com-
plexes was performed by ammonium sulfate precipi-
tation at half-saturation as previously described (24).
The activity of the supernatant was measured by lig-
uid scintillation counting (Tri-Carb liquid scintillation
analyzer (Packard, France). Results were expressed as
percentage of bound cocaine (B/AT-NS) versus anti-
sera dilutions. The curve was fitted by using Graph-
Pad Prism program (ISI, USA). The titers were defined
as the inverse of the dilution of anti-cocaine antisera
which gives 50% of [3H]-cocaine binding.

The affinity of the antisera was calculated accord-
ing to the method of Miiller (25).

The specificity of antibodies was determined by
testing the cross-reactivity of cocaine or cocaine me-
tabolites (cocaethylene, benzoylecgonine all products
from Sigma) according to the RIA titer procedure de-
scribed above, using concentrations in the range of
4,000 nmol/L to 0.002 nmol/L for cocaine and cocaine
metabolites.

The cross-reactivity was expressed as a percentage
ratio of cocaine concentration to the cross-reacting co-
caine metabolites concentration at 50% inhibition of
maximum binding.

RESULTS

The analytical properties of the antisera in term of
titer, affinity and specificity according to the different
haptens are gathered in Table 1. The described values
were obtained 4 to 6 months after priming the rab-
bits. Groups of 5-6 rabbits were tested for each hapten.
Values are presented as a range. A large variation in
titers was observed in each group of rabbits. But the
maximal values of titer were obtained when rabbits
were immunized with the 5a hapten linked to BSA by
the mixed anhydride method (titer=7790-12832). The
affinity constant (Ka) reached high values, up to 1010-
1011 M-1, with 5a, 5b or 6 haptens linked either with
BSA, KLH, or TT carrier protein, used in combina-
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Table 1. Analytical properties of the rabbit polyclonal antibodies

Specificity (%)
Hapten  Protein carrier = Coupling method Titer (RIA) Affinity (M)
Benzoyl-ecgonine Cocaethylene
2 BSA EDC 25-669 3.5-5.0 x 10® >100 96
3 BSA EDC 318-450 0.8-1.6 x 10° 82-90 >100
BSA MA 221-2682 1.5-9.7 x 108 0.3-10 35-59
KLH EDC 95-325 5.2-6.9 x 10° 40-54 >100
KLH MA 631-1653 1.5-3.8 x 10° 1-13 23-31
4 BSA EDC No significant response
KLH EDC
Sa BSA MA 7790-12832 1-1.6 x 10° 45-62 57-58
KLH MA 79-198 6.2-9.2 x 10° 100 67-100
5b BSA MA 755-3382 1.5-5.9 x 10" 2.6-17 71-100
KLH MA 165-1408 1.4-1.7 x 10° 0.8-3 55-147
TT MA 277-940 1.2-5.3 x 10" 18-23 95-99
6 BSA MA 508-1891 2.2-8.5x 10" 13-16 12-75
TT MA 24-36 0.3-2.3 x 10" 0.8-1.2 18-86

BSA, Bovine Serum Albumin; KLH, Keyhole Limpet Hemocyanin; TT, Tetanus Toxoid; EDC, 1-Ethyl-3-[3-dimethylaminopropyl]-carbo-

diimide hydrochloride; MA, mixed anhydride.

tion. Taking into account the titer and the affinity re-
sults, the mixed anhydride coupling method proved to
be the most efficient method.

For all antisera, the cross-reactivity of ecgonine-
methyl ester was always <0.06% and <0.03% for ecgo-
nine. In contrast, the cross-reactivity of benzoylecgo-
nine, and cocaethylene, strongly depends on the nature
of the hapten: coupling via the benzoyl group of the
hapten 5b gave the most interesting cross-reactivity
pattern in the aim of the immunoneutralization chal-
lenge, i.e., antisera with a low cross-reactivity with
benzoylecgonine, and a high cross-reactivity with the
toxic metabolite: cocaethylene.

DISCUSSIONS

As a consequence of the extensive metabolism of
cocaine into toxic and non toxic compounds, the speci-
ficity of the therapeutic antibodies has to be oriented
towards the recognition of the toxic compounds only,
i.e. cocaine and cocaethylene being formed following
cocaine and alcohol consumptions (Figure 2). More
than 80 % of cocaine are biotransformed to non toxic

. IRTOL
ECGOHHE
a2 .“[. @\
/
LETHYL
FETHE
. LCTIVE CORPOUNDS

O

Figure 2. main metabolites of cocaine. N-OH NOR-COC :
N-hydroxynorcocaine.
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compounds (benzoylecgonine, ecgonine methyl ester
and ecgonine) which should not be recognised by the
“ideal” therapeutic anti-cocaine antibody.

Based upon this immuno neutralization pattern
only one group of haptens (5) achieved to only bind co-



caine and cocaethylene. The other types of haptens did
not allowed to obtain antibodies for therapeutic use.
To the best of our knowledge, production of antibodies
directed against cocaethylene has not been disclosed.
As yet evoked, the most selective antibodies were
obtained starting from hapten 5b. Two explanations
can be found to explain the efficiency of this hapten.
At first, the position of the linkage which allows the
recognition of the ethyl ester group explains the low
cross reactivity with benzoylecgonine of the antibod-
ies obtained from 5b. Secondly, due to the presence of
two esters groups which activates each over, cocaine is
known to display only little stability in water even at
neutral pH. In the case of haptens 5, the electrodonat-
ing oxygen limits the reactivity of the ester and con-
tributes to the stability of the immunogen.

Numerous antigens have been prepared from co-
caine for the development of immunoassays. In most
cases, haptens are derived from benzoylecgonine (26).
Conjugates linked on the tropane nitrogen have also
been used (27). The cross reactivities of the antibodies
are usually not disclosed. A 30 % cross-reactivity with
benzoylecgonine have been reported using a conjugate
linked on the nitrogen (28). If the specificity proper-
ties were the first criterion of hapten selection, the af-
finity must be also considered as a critical element for
successfully development of antibodies to be used for
immuno toxicotherapy of cocaine. It has been clearly
demonstrated that affinity constants above 109 M-1
are leading to stable drug-antibody complex allowing
an efficient immuno-neutralization of other haptens
like digoxin, colchicine and tricyclic antidepressants
(29, 30).

In conclusion, new immunoconjugates of cocaine
was prepared with the goal to develop antibodies able
to bind both cocaine and cocaethylene. Conjugates de-
rived from hapten 5b led to antibodies that fulfilled
requirements. They also allowed us to obtain highly
selective monoclonal antibodies (31). These antibodies
could represent powerful new tools for therapeutic use
in immunotherapy of cocaine overdoses.
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