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& (57) Abstract: Generally, the present invention relates to lamotrigine analogs that have substituents at the triazine 3-position and
& on the benzene 4-position and 5-position. The lamotrigine analogs can include immunogenic moieties that can be used to prepare

anti-lamotrigine antibodies, or antigenic moieties that can be used in immunodiagnostic assays for lamotrigine. Also, the lamotrigine
O analog can include tracer moieties for detecting the presence or amount of the analog during an immunodiagnostic assay. Addition-
a ally, the lamotrigine analogs can be used in immunodiagnostic assays to compete with lamotrigine for binding with anti-lamotrigine
antibodies.
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IMMUNOASSAYS FOR LAMOTRIGINE

CROSS-REFERENCE TO RELATED APPLICATIONS

BACKGROUND OF THE INVENTION
1. The Field of the Invention

[002] The present invention relates to lamotrigine
immunodiagnostic reagents and protocols. More particularly, the
present invention relates to lamotrigine, lamotrigine analogs,
immunogens and antigens prepared from lamotrigine analogs,
antibodies prepared from lamotrigine-based immunogens, and methods

of making and using the same.

2. The Related Technology

[003] Lamotrigine, chemically represented as 3,5-diamino-6-
(2,3-dichlorophenyl)-1,2,4-triazine and shown below, is an anti-
epileptic drug (“AED”) of the phenyltriazine class, and is
chemically unrelated to existing AEDs. Lamotrigine is the active
ingredient in LAMICTAL® (Glaxo Wellcome), an FDA-approved drug used
for anti-epileptic treatment as well as for treatment of the

psychiatric disorders, such as bipolar disease.

2007664_1 (GHMatters) P71838.AU 12-Dec-11
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[004) Epilepsy is brain function disorder that results in repeated seizures.
Lamotrigine has been shown to have a broad spectrum of clinical efficacy, and is
effective in treating and/or preventing partial seizures, primary and secondarily
generalized seizures, absence seizures, and drop attacks associated with Lennox-
Gastaut syndrome.

[005) It is well known that various drugs such as AEDs, can have different
pharmacokinetic and/or pharmacodynamic profiles in different patient populations,
which results in the therapeutic drug monitoring (“TDM”) of AEDs to be vitally
important. One goal of a TDM program is to optimize a patient’s clinical outcome by
managing and/or optimizing a medication regimen with the assistance of determining
drug concentrations at various times. Accordingly, the drug dose and regimen can be
modulated for a single patient or patient population based on TDM.

[006] Several characteristics of lamotrigine suggest there is a clinical need to
individualize patient therapy by use of TDM. It has been suggested that there are
large inter-individual variations in dose versus serum concentrations in patients, and
pharmacokinetic variability plays a major role in the lamotrigine dosage requirements
needed to achieve optimum serum concentrations.

[007] It as been suggested that an appropriate range of optimal serum

concentrations for lamotrigine would be 12 to 55 umol/L in patients with refractory
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epilepSy. See Morris RG et al., Br J Clin Pharmacol; 46: 547-51 (1998). In the
responders (> 50% seizure reduction), the median lamotrigine concentration was 31
umol/L (range, 8-60 umol/L) compared with 62 pmol/L (range, 31-60 pumol/L) in
patients with side effects. As such, a target range of 10 to 60 umol/L (2.54- 15.24
pg/mL) is now suggested for lamotrigine. Thus, effective TDM can be used to
predict dosing regimens that can obtain appropriate lamotrigine concentrations within
the therapeutic index.

[008] Many methods have been described for analyzing lamotrigine. Primarily,
the methods include HPLC with ultraviolet (“UV”) detection. See, Fraser et al., Ther
Drug Monitoring, 17:174-178, 199S; Lensmeyer et al., Ther Drug Monitoring,
19:292-300, 1997, Croci et al. Ther Drug Monitoring 23:665-668, 2001. In addition,
a competitive binding enzyme immunoassay (ELISA) for the measurement of
lamotrigine in sera has been reported. See, Sailstad et al., Ther Drug Monitoring,
13:433-442, 1991. However, such methods are impractical for commercial use due
to, for example, long sample preparation time, long assay time, high cost, and labor-
intensive procedures. Thus, a simple and fast analytical method for measuring
lamotrigine plasma levels is needed for effective TDM, which immunoassay
techniques are well suited for such analytical applications.

[009] Immunoassay techniques have been developed to detect various drugs in
biological samples and are well suited for such commercial analytical applications.
Accordingly, immunoassays can be used to quickly assess the amount of a drug
and/or drug metabolite in a patient’s blood. Examples of immunoassays can include,
but not limited to, homogeneous microparticle immunoassay (e.g.,

S®7!

immunoturbidimetric) or quantitative microsphere system (“QMS™”), fluorescence
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polarization immunoassay (“FPIA”), cloned enzyme donor immunoassay
(“CEDIA”), chemiluminescent microparticle immunoassay (“CMIA”), and
the like.

[(010] Accordingly, it would be advantageous to have

immunoassays configured to detect lamotrigine in a patient’s blood,
serum, plasma, and/or other biological fluids or samples.
Additionally, it would be advantageous to have lamotrigine analogs
for use in such immunoassays, and/or lamotrigine analog-based
immunogens for use in producing anti-lamotrigine antibodies.

[010a] It is to be understood that, if any prior art publication
is referred to herein, such reference does not constitute an
admission that the publication forms a part of the common general

knowledge in the art, in Australia or any other country.

BRIEF SUMMARY OF THE INVENTION
[(010b] A first aspect provides an anti-lamotrigine antibody for

use in an immunodiagnostic system for detecting the presence of
lamotrigine in a sample, the anti-lamotrigine antibody produced by
an immunogenic composition including a lamotrigine derivative, the
lamotrigine derivative having a chemical structure of Formula 1;
Cl
Cl

Ns
Y X—W—1L N

—
HN" N7 ONH,

Formula 1

wherein:

L is NH;

W is CO(CH;) ,CONH (CH,) ,;

X 1s NHCO(CH,)¢;

Y is Y,-Z, wherein Y, is CO and Z is KLH; and
wherein the anti-lamotrigine antibody comprises at least one binding
domain capable of binding lamotrigine and binding a lamotrigine
analog, and wherein an interaction between the antibody and the

lamotrigine analog is at least 50% of at least one of affinity,

2007664_1 (GHMaettors) P71838. AU 12-Dec-11
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specificity, or avidity of the antibody for lamotrigine.
[010c] A second aspect provides an immunodiagnostic system for
detecting the presence of lamotrigine in a sample, the system
comprising:

an anti-lamotrigine antibody as in the first aspect; and

a lamotrigine analog having a chemical structure of one of

Formula 1 or Formula 2;

Cl
Cl
N«
Y X w L | ~N
s
H,N"™ "N “NH,
Formula 1
Cl
Y X w L Cl
N«
B
~
H,N" “N” TNH,

Formula 2

wherein:
L, is NH;
W is selected from the group consisting of
CO (CH;) ,CONHCH,, CO(CH,;),CONH (CH,),, or CONH (CH;);;
X is a covalent bond between W and Y or any one of NHCH,,
NH(CH;),, NH(CH;);, NH(CH,;),, NH(CH,)s, NH(CH;)¢, NHCO(CH,),, or
NHCO (CH;) ¢ ;
Y is selected from the group consisting of COOH, COO-NHS,
COO-tertbutyl, NH,, or OH; or
Y is Y,-Z, wherein Y, is selected from the group consisting of COO,
CO, O, CONH, NHCO, or NH and Z is an operative group.
[010d] A third aspect provides a method of performing an
immunodiagnostic assay for detecting the presence of lamotrigine in
a sample obtained from a subject previously administered

lamotrigine, the method comprising:
2097684_1 (GHMatiers) P71838.AU 12-Deo-11
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combining an anti-lamotrigine antibody as in the first aspect
with a sample to form a first composition wherein the lamotrigine
analog has a chemical structure of one of Formula 1 or Formula 2;
Cl
Cl

HN" N7 NH

Formula 1
Cl
Y X W L Cl
AN
| N
~=
H,N” "N TNH,
Formula 2

wherein:

L is NH;

W is selected from the group consisting of
CO (CH;) ,CONHCH,, CO(CH,),CONH (CHy),, or CONH(CH,);;

X is a covalent bond between W and Y or any one of NHCH,,
NH(CH;),, NH(CH,);, NH(CH,),, NH(CH,;)s, NH(CH,)¢, NHCO(CH,),, or
NHCO (CH;) ¢;

Y is selected from the group consisting of COOH, COO-NHS,
COO-tertbutyl, NH,, or OH; or

Y is Y,-Z, wherein Y, is selected from the group
consisting of COO, CO, O, CONH, NHCO, or NH and Z is an
operative group;
allowing any free lamotrigine from the sample and the

lamotrigine analog to compete for binding with the antibody; and

detecting binding between the lamotrigine analog and the antibody.

[011] Generally, the present invention relates to lamotrigine
analogs and immunodiagnostic assays for lamotrigine. The lamotrigine

analogs can include operative groups, such as: immunogenic moieties

2007664_1 (GHMatters) P71838.AU 12-Dec-11
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that can be used to prepare anti-lamotrigine antibodies; antigenic
moieties that can be used in immunodiagnostic assays for
lamotrigine; or tracer moieties that can be used in immunodiagnostic
assays. Additionally, the lamotrigine analogs can be used in
immunodiagnostic assays to compete with lamotrigine for anti-
lamotrigine antibodies.

[012] A lamotrigine analog can include a chemical structure of

at least one of Formula 1A, Formula 2A, or Formula 3A.

Ci
Cl

H,NT N TNH,

Formula 1A
Ci

Y——X—W—L Cl

HN" N7 TNH,

Formula 2A
Cl

Cl
Nas
N

LA

H,N N L—W-—-X—Y
Formula 3A

[013] Additionally, the foregoing chemical structures of
Formula 1A, Formula 2A, and/or Formula 3A are scaffolds that can

include a variety of moieties conjugated thereto. As such, the

20076684_1 (GHMatters) P71838.AU 12-Doo 11
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scaffolds can be further defined by the following: (a) L can be one
of the group NH, NHCO, or O; (b) W can be a saturated or
unsaturated, substituted or unsubstituted, and straight or branched
chain of 1-10 carbon or hetero chain atoms; (c) X can be at least
one of a bond between W and Y, a substituted or unsubstituted
aromatic or aliphatic group having from 1-2 rings, and/or a
saturated or unsaturated, substituted or unsubstituted, or straight
or branched chain having 1-10 carbon or hetero chain atoms; (d) Y is
selected from the group consisting of aliphatic, alcohol, amine,
amide, carboxylic acid, aldehyde, ester, activated ester, aliphatic
ester, imidoester, isocyanate, isothiocyanate, anhydride, thiol,
alcohol, thiolactone, diazonium, and maleimido groups; and (e) Y-X-
W-L- of Formula 1 is not a 5-succinylamino moiety. Additionally, Y
can be a linker group coupled to an operative group.

[014] A lamotrigine analog in accordance with any of the
scaffolds depicted by formulas 1A, 2A, and/or 3A can be
characterized by being coupled to an immunogenic moiety via
appropriate chemistry, to form an immunogen that generates an
antibody at a titer sufficient for use in an immunodiagnostic assay
for lamotrigine. Also, it is possible for the lamotrigine analog to
be coupled to an immunogenic moiety to form an immunogen that
generates an antibody that interacts with the antigen and
lamotrigine wherein the affinity, specificity, and/or avidity is
substantially similar for lamotrigine and the analog and can be used
in competitive binding studies. Additionally, the lamotrigine analog
can be coupled to a tracer moiety and have sufficient solubility for
use in an immunodiagnostic assay. The analog can also be coupled to
an antigen moiety and have sufficient solubility for use in an
immunodiagnostic assay. Further, the lamotrigine analog can be
stably loaded onto a particle or microparticle. Furthermore, the
lamotrigine analog can be coupled to an enzyme, enzyme donor, or
enzyme acceptor.

[(015] Disclosed herein is an antibody composition for use in an
immunodiagnostic system for detecting the presence of lamotrigine in
a sample. The antibody composition can include an anti-lamotrigine
antibody having at least one binding domain, wherein the antibody is
capable of binding lamotrigine and is capable of binding a
lamotrigine analog. Also, the antibody can be present in a titer of

2097664_1 (GHMatters) P71838 AU 12-Dec-11
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at least about 1:5,000, more preferably at least about 1:10,000,
even more preferably at least about 1:50,000, still more preferably
at least about 1:100,000, and most preferably at least about
1:300,000. In some instances it can be preferably to have an
antibody titer as low as 1:5,000 or as high as 1:300,000.

[016] Additionally, the antibody may be a monoclonal antibody
and/or a polyclonal antibody. The antibody can have at least one of
affinity, specificity, or avidity for a lamotrigine analog compared
to lamotrigine that is sufficient for use in a homogeneous or
heterogeneous immunodiagnostic assay. As such, the interaction
between the antibody and the lamotrigine analog can be at least 50%
of at least one of affinity, specificity, or avidity of the antibody
for lamotrigine, even more preferably at least 70% of at least one
of affinity, specificity, or avidity of the antibody for
lamotrigine, most preferably at least 90% of at least one of
affinity, specificity, or avidity of the antibody for lamotrigine.
Optionally, at least one of affinity, specificity, or avidity of the
antibody for a lamotrigine analog is substantially the same as for
lamotrigine.

[017] Disclosed herein is a system for use in an
immunodiagnostic system for detecting the presence of lamotrigine in
a sample. Such a system can include the lamotrigine analog and the
anti-lamotrigine antibody. The lamotrigine analog may include a
linker substituent coupled to an end group selected from the group
consisting of saturated or unsaturated aliphatics, alcohols, amines,
amides, carboxylic acids, aldehydes, esters, activated esters,
aliphatic esters, imidoesters, isocyanates, isothiocyanates,
anhydrides, thiols, alcohols, thiolactones, diazonium groups, and
maleimido groups. In the system, the linker substituent can be
characterized by at least one of the following: (a) a 5-position
substituent having at least a 5 carbon or hetero atom aliphatic
chain; (b) a 4-position substituent having at least a 4 carbon or
hetero atom aliphatic chain; or (c) a 3-position substituent having
at least a 4 carbon or hetero atom aliphatic chain. Additionally,
one of the lamotrigine analog or anti-lamotrigine antibody can be
coupled with one of a particle, magnetic particle, microparticle,

microsphere, support, enzyme donor, Or enzyme acceptor.

2007664_1 (GHMatters) P71838.AU 12.Dec-11
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[018] The system can include at least one of the following: (a)
a stock composition of lamotrigine; (b) a series of compositions
containing lamotrigine at different concentrations, the series of
compositions forming a concentration gradient; (c) the lamotrigine
analog having a tracer moiety; (d) the lamotrigine analog coupled to
a microparticle; (e) the antibody coupled to a microparticle; (f)
the lamotrigine analog having an enzyme donor and a corresponding
enzyme acceptor; (g) the lamotrigine analog having to an enzyme
acceptor and a corresponding enzyme donor; or (h) the antibody
loaded on a particle suitable for separation by filtration or
sedimentation.

[019] Also disclosed are methods of performing immunodiagnostic
assays for detecting the presence of lamotrigine in a sample. Such
methods can include combining an anti-lamotrigine antibody at a

titer of at least

2007664_1 (GHMatiers) P71838.AU 12-Dec-11
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115,000 "&nd" & lanidttiging ditalog with a sample obtained from a subject previously
édministered lamotrigine to form a first composition. Any free lamotrigine from the
sample and the lamotrigine analog are then allowed to compete for binding with the
antibody. After the competitive binding, the binding between the lamotrigine analog
and the antibody is detected.

[020] In one embodiment, the immunodiagnostic assay utilizes a lamotrigine
analog including a fluorescent moiety, and is combined with the antibody and sample
as described. The fluorescent moiety can be excited with polarized light having a first
amount of polarization, and the polarized light emitted from the fluorescent moiety
having a second amount of polarization is detected. Optionally, the first amount of
polarization is compared with the second amount of polarization, and a determination
is made as to whether lamotrigine is present in the sample, wherein the second
amount of polarization being different from the first amount of polarization is an
indication that lamotrigine is present in the sample. Additionally, the
immunodiagnostic assay can include a control by combining a known amount of
lamotrigine with the lamotrigine analog and antibody to form a control binding
composition. The polarized light emitted from the florescent conjugate in the control
binding composition having a third amount of polarization is detected, and compared
with the second amount of polarization. The amount of lamotrigine present in the
sample is then determined.

[021]  In one embodiment, an immunodiagnostic assay uses a lamotrigine analog or
antibody loaded onto a microparticle. The analog, antibody, and sample are
combined into a first composition, where any free lamotrigine competes with the
analog for binding with the antibody. The first composition is then irradiated with

incident light, and a first intensity of light transmitted from the first composition is
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‘détécted. “The" miiniimtii” fiitensity of light transmitted from a control binding
composition having the lamotrigine analog and antibody and not having free
lamotrigine is identified and compared with the first intensity of the transmitted light.
A determination is made as to whether lamotrigine is present in the sample, wherein
the minimum intensity being different from the first intensity is an indication that
lamotrigine is present in the sample. Additionally, the immunodiagnostic assay can
include a control by combining a known amount of lamotrigine with the lamotrigine
analog and antibody to form a control binding composition. The control binding
composition is then irradiated with incident light, and a second intensity of light
transmitted from the control binding composition is detected. The amount of
lamotrigine present in the sample can then be determined, wherein a comparison
between the first intensity and the second intensity is an indication of the amount of
lamotrigine present in the sample.

[022] In one embodiment, an immunodiagnostic assay uses a lamotrigine analog
having an énzyme donor. The analog, antibody, and sample are combined into a first
composition, where any free lamotrigine competes with the analog for binding with
the antibody. An enzyme acceptor and substrate are then combined with the first
composition, wherein the substrate is cleavable by interacting with the enzyme donor
and enzyme acceptor. The enzyme activity is then detected. Additionally, the
immunodiagnostic assay can include a control by combining a known amount of
lamotrigine with the lamotrigine analog and antibody to form a control binding
composition, and the enzyme acceptor and substrate are then combined therewith.
The amount of lamotrigine present in the sample is determined by a comparison
between the enzyme activity and the control enzyme activity providing an indication

of the amount of lamotrigine present in the sample.
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{023} irr-one” embodintent; an immunodiagnostic assay uses a lamotrigine analog
that includes a tracer conjugate. The analog, antibody, and sample are combined into
a first composition, where any free lamotrigine competes with the analog for binding
with the antibody. The antibody is then separated from the first composition, and any
unbound lamotrigine analog is separated from the antibody. The tracer conjugate
bound with the antibody from the competitive bipding composition is then detected.
Additionally, the immunodiagnostic assay can include a control by combining a
known amount of lamotrigine with the lamotrigine analog and antibody to form a
control binding composition. Accordingly, the amount of lamotrigine present in the
sample can be determined by a comparison between the amount of tracer conjugate in
the ﬁ.rst composition and the amount of tracer conjugate in the control binding
composition in order to provide an indication of the amount of lamotrigine present in
the sample.

[024] These and other embodiments and features of the present invention will
become more fully apparent from the following description and appended claims, or

may be learned by the practice of the invention as set forth hereinafter.
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BRTEF DESCRIPTION OF THE DRAWINGS
[025]  To further clarify the above and other advantages and features of the present
invention, a more particular description of the invention will be rendered by reference
to specific embodiments thereof which are illustrated in the appended drawings. It is
appreciated that these drawings depict only typical embodiments of the invention and
are therefore not to be considered limiting of its scope. The invention will be
described and explained with additional specificity and detail through the use of the
accompanying drawings in which:
[026]  Figure 1 is a flow diagram illustrating an embodiment of a method for
preparing an anti-lamotrigine antibody;
[027]  Figure 2 is a flow diagram illustrating an embodiment of a method for
performing an immunodiagnostic assay for lamotrigine;
[028] Figure3isa schematié diagram illustrating an embodiment of a competitive
binding study based on fluorescent polarization;
[029]  Figure 4 is a graph illustrating an embodiment of a calibration curve for
lamotrigine;
[030]  Figure S is flow diagram illustrating an embodiment of a competitive
binding study based on agglutination;
[031]  Figure 6 is a flow diagram illustrating an embodiment of a competitive
binding study based on agglutination;
[032]  Figure 7 is a flow diagram illustrating an embodiment of a competitive
binding study based on enzymatic activity;
[033]  Figure 8 is a flow diagram illustrating an embodiment of a competitive

binding study based on chemiluminescence;
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[034] Figure 9 is a schematic diagram illustrating an embodiment of a synthesis

protocol for synthesizing a lamotrigine analog;

[035] Figure 10 is a schematic diagram illustrating an embodiment of synthesis

protocols for synthesizing lamotrigine analogs;

[036] Figure 11 is a schematic diagram illustrating an embodiment of a synthesis

protocol for synthesizing a lamotrigine analog;

[037] Figure 12 is a schematic diagram illustrating an embodiment of a synthesis

protocol for synthesizing a lamotrigine analog;

[038] Figures 13A-13E are schematic diagrams illustrating embodiments of synthesis

protocols for synthesizing lamotrigine-based immunogens;

[039] Figures 14A-14D are schematic diagrams illustrating embodiments of synthesis

protocols for synthesizing lamotrigine-based antigens;

[040] Figures 15A-15B are schematic diagrams illustrating embodiments of synthesis

protocols for synthesizing lamotrigine-based antigens;

[041]) Figures 16A-16B are schematic diagrams illustrating embodiments of synthesis

protocols for synthesizing lamotrigine-based fluorescent tracers;

[042]) Figure 17 are schematic diagrams of lamotrigine and embodiments of

lamatrigine metabolites;

[043] Figure 18 is a graph of an embodiment of a comparative study between an

automated immunoassay and an HPLC method; and

[044] Figure 19 is a graph of an embodiment of a comparative study between an

automated immunoassay and an HPLC method.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[046] Generally, the present invention relates to lamotrigine
analogs and immunodiagnostic assays for lamotrigine. The lamotrigine
analogs can include immunogenic moieties that can be used to prepare
anti-lamotrigine antibodies, or antigenic moieties or tracer
moieties that can be used in immunodiagnostic assays for
lamotrigine. Additionally, the lamotrigine analogs can be used in
immunodiagnostic assays to compete with lamotrigine for anti-
lamotrigine antibodies. As such, the following terminology is meant
to describe embodiments of the invention, and is not intended to be
limiting.

[046a] In the claims which follow and in the preceding
description of the invention, except where the context requires
otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used
in an inclusive sense, i.e. to specify the presence of the stated
features but not to preclude the presence or addition of further
features in various embodiments of the invention.

[047] As used herein, the term “hapten” is meant to refer to a
partial or incomplete antigen, and can be a small molecule or drug.
Also, a hapten can be a low molecular weight molecule that is a
protein-free or polypeptide-free substance. Usually, a hapten is not
capable of stimulating antibody formation alone, but can be capable
of interacting with antibodies. Accordingly, lamotrigine and
lamotrigine analogs in accordance with the present invention can be
haptens.

[048] As used herein, the term “analog” or “derivative” is meant to
refer to a chemical compound or molecule made from a parent compound
or molecule by one or more chemical reactions. As such, an analog
can be a compound with a structure similar to that of lamotrigine or
based on a lamotrigine scaffold, but differing from it in respect to
certain components or structural makeup, which may have a similar or
opposite action metabolically. An analog or derivative of
lamotrigine in accordance with the present invention can be used to
compete for binding with an antibody that recognize both the analog
and lamotrigine. Also, an analog can include an operative group

coupled to lamotrigine through a linker group.
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1049] " ~As"used heréils; the terms “immunogen” and “immunogenic” are meant to
refer to substances capable of producing or generating an immune response in an
organism. An immunogen can also be antigen. Usually, an immunogen has a fairly
high molecular weight (e.g., greater than 10,000), thus, a variety of macromolecules
such as proteins, lipoproteins, polysaccharides, some nucleic acids, and certain of the
teichoic acids, can be coupled to a hapten in order to form an immunogen in
accordance with the present invention.

[050]  As used herein, the term “immunogenicity” is meant to refer to the ability of
a molecule to induce an immune response, which is determined both by the intrinsic
chemical structure of the injected molecule and by whether or not the host animal can
recognize the compound. Small changes in the structure of an antigen can greatly
alter the immunogenicity of a compound, and have been used extensively as a general
procedure to increase the chances of raising an antibody, particularly against well-
conserved antigens. For example, these modification techniques either alter regions of
the immunogen to provide better sites for T-Cell binding or expose new epitopes for
B-cell binding.

[051] As used herein, the terms “carrier,” “immunogenic moiety,” or
“immunogenic carrier,” are meant to refer to an operative group that is an
immunogenic substance, commonly a protein, that can be coupled to a hapten. An
immunogenic moiety coupled to a hapten can induce an immune response and elicit
the production of antibodies that can bind specifically with the hapten. Immunogenic
moieties are operative groups that include proteins, polypeptides, glycoproteins,
complex polysaccharides, particles, nucleic acids, polynucleotides, and the like that
are recognized as foreign and thereby elicit an immunologic response from the host.

Additionally, linkers can comprise modified or unmodified nucleotides, nucleosides,
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POLYITIETS; “sugars -anda--other carbohydrates, polyethers such as, for example,
polyethylene glycols, polyalcohols, polypropylenes, propylene glycols, mixtures of
ethylene and propylene glycols, polyalkylamines, polyamines such as spermidine,
polyesters such as poly(ethyl acrylate), polyphosphodiesters, and alkylenes. An
example of an operative group and its linker is cholesterol-TEG-phosphoramidite,
wherein the cholesterol is the operative group and the tetraethylene glycol and
phosphate serve as linkers.

[052] In one example, an operative group is an immunogenic carrier that can be
coupled with a hapten in order to stimulate immunogenicity and antibody formation
against the hapten. Usually, immunogenic carriers are large molecules that are highly
immunogenic and capable of imparting immunogenicity to a hapten. For example, a
protein can be used as an immunogenic carrier because foreign proteins can elicit
such an immunological response. Protein carriers can be highly soluble and include
functional groups that could facilitate easy conjugation with a hapten molecule. Some
of the most common carrier proteins in use today are keyhole limpet hemocyanin
(KLH; MW 450,000 to 13,000,000), and bovine serum albumin (BSA, MW 67,000).
Keyhole limpet hemocyanin is the oxygen-carrying protein of the marine keyhole
limpet, and is extremely large and exhibits increased immunogenicity when it is
disassociated into subunits, probably due to exposure of additional epitopic sites to
the immune system. BSA is highly soluble protein containing numerous functional
groups suitable for conjugation.

[053]  As used herein, the term “antibody” is meant to refer to a protein that is
produced in response to the presence of foreign molecules in the body. They can be

characterized by their ability to bind both to antigens and to specialized cells or
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“proteins ‘01 the immune system. Antibodies are divided into five classes, 1gG, IgM,
IgA, IgE, and IgD, and are immunoglobulin produced by plasma cells.

[054)  As used herein, the term “epitope” is meant to defines the region of an
antigen that interacts with an antibody. Accordingly, a molecule or other substance,
which is an antigen, can include at least one epitope with antibody activity. This can
allow for an antigen to have various epitopes recognized by the same or different
antibody. Also, an epitope is not an intrinsic property of any particular structure, but
can be defined as a binding site that interacts with the antibody.

[055] As used herein, the term “affinity” is meant to refer to a measure of the
strength of binding between an epitope and an antibody. Accordingly, a single
antibody can have a different affinity for various epitopes. This can allow a single
antibody to bind strongly to one epitope and less strongly to another. As such, an
antibody can have a first affinity to a drug, such as lamotrigine, and have a second
affinity to a lamotrigine analog. However, it is possible for the antibody to have
substantially equivalent or similar affinity for both lamotrigine and a lamotrigine
analog, which allows the analog to be used to generate antibodies for larﬁotrigine, and
their use in competitive binding studies. Thus, lamotrigine analogs in accordance
with the present invention can be used to generate antibodies with affinity for
lamotrigine.

[056] As used herein, the term “avidity” is meant to refer to a measure of the
overall stability of the complex between antibodies and antigens. The overall stability
of an antibody-antigen interaction can be governed by three major factors as follows:
(a) the intrinsic affinity of the antibody for the epitope; (b) the valency of the antibody

and antigen; and (c) the geometric arrangement of the interacting components. As
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such, theavidity of the atitibody-antigen complex can be modulated by varying the
foregoing parameters, as well as others.

[057]  As used herein, the term “specificity” is meant to refer to the preferential
binding of an antibody with an epitope in comparison with other available epitopes.
That is, the specificity of an antibody can preferentially bind lamotrigine and/or
analog instead of a lamotrigine metabolite. This can be used to generate anti-
lamotrigine antibodies that preferentially bind with lamotrigine over its metabolites so
that the true concentration of lamotrigine can be assessed so as to not be contaminated
by adverse antibody-metabolite binding. Also, the specificity of an antibody for
binding with lamotrigine can be used to tailor analogs with similar or substantially the
same specificity as lamotrigine.

[058] As used herein, the term “polyclonal antibody” is meant to refer to a
heterogeneous mixture of antibodies with a wide range of specificities and affinities to
a given antigen or epitope. Thus, the polyclonal antibody can include a plurality of
antibodies, each distinguishable from the others, that bind or otherwise interact with
an antigen. The different antibodies that comprise a polyclonal antibody can be
produced or generated by injecting an immunogen having an epitope into an animal
and, 'aﬁer an appropriate time, collecting and optionally purifying the blood fraction
containing the antibodies of interest. In producing antibodies, several parameters can
be considered with respect to the final use for the polyclonal antibody. These
parameters include the following: (1) the specificity of the antibody (i.e., the ability to
distinguish between antigens); (2) the avidity of the antibody (i.e., the strength of
binding an epitope); and (3) the titer of the antibody, which determines the optimal

dilution of the antibody in the assay system.
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=] U5Y[ " ~AS* used -hereim, -the" term “monoclonal antibody” is meant to refer to an
antibody that is isolated from a culture of normal antibody-producing cells and one
progenitor cell. A monoclonal antibody can have a homogeneous binding constant,
and are well known in the art.
[060] As used herein, “antibody titer” is meant to refer to the reciprocal of the
serum dilution. Titers are reported this way for more convenient reporting and
formatting. The titer of 1/50000 means that the antibody effectively detects the
epitope of an antigen when bound together when the antigen is at a dilution of
1:50000. The titer is calculated by end point titer having about 10% of the maximum
O.D.
[061]  As used herein, the terms “immunoassay” or “immunodiagnostic” are meant
to refer to laboratory techniques that make use of the binding between an antigen and
an antibody in order to identify and/or quantify at least one of the specific antigen or
specific antibody in a biological sample. Currently, there are three classes of
immunoassay, which are described as follows: (1) antibody capture assays; (2)
antigen capture assays; and (3) two-antibody sandwich assays. Additionally, it is
contemplated that new immunoassays will be developed and will be capable of
employing the analogs and antibodies of the present invention.
[062]  As used here, the term “competitive immunoassay” is meant to refer to an
experimental protocol in which a known amount of an identifiable antigen competes
with another antigen for binding with an antibody. That is, a known antigen that
binds with a known antibody is combined with a sample that is suspected of
containing another antigen that also binds with the known antibody. This allows for
the known antigen and another antigen to both compete for the binding site on the

antibody. For example, a lamotrigine analog that binds with an anti-lamotrigine
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‘antibody can be cofbin€d with a sample suspected ot containing iamotriging, and the
analog and lamotrigine compete for binding with the anti-lamotrigine antibody. The
competition for binding with the antibody can then be used to determine whether or
not lamotrigine is present in the sample, and can further be used to quantify the
amount of lamotrigine in the sample.

[063]  As used herein, the term “turbidimetric detection” is meant to refer to the
measurement of a decrease in the intensity in the transmission, or an increase in
absorbance, of incident light due to light scattered by agglutinated particles. A
decrease in intensity of transmitted light is measured against a higher starting
background intensity of transmitted light. - Usually, the reading is made with a
detector in line with the light source, wherein the agglutination of particles inhibits
transmission of the light. Therefore, the inhibition or promotion of agglutination can
be used as a means for assessing the presence of a target analyte, such as lamotrigine.
Turbidimetric assays may be easily adapted to a variety of clinical analyzers.

[064)  As used herein, the term “microparticle agglutination assays” is meant to
refer to immunoassays that use the principle of inhibiting agglutination of
microparticles by a target analyte. That is, decreased agglutination is attributed to the
presence of the target analyte. For example, a derivative of the target drug is
covalently linked to the surface of microparticle and/or the sensitized particles are
agglutinated by a monoclonal antibody. When a sample contains free drug the
agglutination is inhibited in proportion to the drug concentration, which leads to a
classic inhibition curve relating drug concentration to absorbance.

[065]  As used herein, the term “operative group” is meant to refer to a molecule or
macromolecule coupled to lamotrigine through a linker group. An operative group

can include an immunogenic moiety, antigen moiety, tracer moiety, and the like.
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Additionally, the Z" gfolip"in"the chemical scaffolds described herein is an operative
group. As such, the operative group can be coupled to the Y linker group and provide
an additional functionality to the analong.

[066] As used herein, the terms “active ester” or “activated ester” are meant to
refer to an ester group that can react with a free amino group of a compound such as,
for example, peptides and proteins. An active ester can include a carboxyl group
linked to an active leaving group. Often, the active leaving group includes the ester
oxygen so the active leaving group removes the ester oxygen. For example, an active
ester is susceptible to being displaced by a primary amine, which results in the
removal of the ester oxygen and formation of an amide group. Examples of active
leaving groups that form active esters include N-hydroxysuccinimide (“NHS”), p-
nitrophenyl, pentafluorophenyl, N-hydroxybenzotriazolyl, and the like. Accordingly,
use of the term “NHS” is meant to be defined as N-hydroxysuccinimide.

[067]  As used herein, the terms “label,” “detector molecule,” or “tracer” are meant
to refer to any operative group which produces, or can be induced to produce, a
detectable signal. The label can be conjugated to lamotrigine, lamotrigine analog,
hapten, analyte, immunogen, antibody, or to another molecule such as a receptor or a
molecule that can bind to a receptor. Non-limiting examples of tracers include
radioactive isotopes, enzymes, enzyme fragments, enzyme substrates, enzyme
inhibitors, coenzymes, catalysts, fluorophores, dyes, chemiluminescers, luminescers,
sensitizers, non-magnetic or magnetic particles, solid supports, liposomes, ligands,
receptors, hapten radioactive isotopes, and the like. As described herein, the analogs
can also be coupled to a variety of labels by methods well known in the art to provide
a variety of reagents useful in various immunoassay formats. For detecting the results

of the immunoassays, detector molecules such as fluorophores, for example,
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tluorescein, radio-labels, or chemiluminescent groups can be coupled to the analogs to
produce tracers.

[068]  As used herein, the terms “linking group” or “linker” are meant to refer to a
portion of a chemical structure that connects two or more substructures such as
lamotrigine, lamotrigine analogs, haptens, and operative groups, such as
immunogenic moieties, carriers, immunogens, labels, tracers, and the like. A linking
group can have at least one uninterrupted chain of atoms other than hydrogen (or
other monovalent atoms) extending between the substructures. Usually, a linking
group includes a chain of carbon atoms or hetéro atoms, which can be substituted or
unsubstituted. The atoms of a linking group and the atoms of a chain within a linking
group can be interconnected by chemical bonds. For example, linkers maybe straight
or branched, substituted or unsubstituted, saturated or unsaturated chains; wherein the
chain atoms can include carbon and/or hetero atoms. This can include one or more
hetero atoms within the chain or at termini of the chains. Additionally, a linking
group may also include cyclic and/or aromatic groups as part of the chain or as a
substitution on one of the atoms in the chain. The number of atoms in a linking group
or linker is determined by counting the atoms other than hydrogen in the backbone of
the chain, which is the shortest route between the substructures being connected.
Linking groups may be used to provide an available site on a hapten for conjugating a
hapten with a tracer, label, carrier, immunogenic moiety, and the like.

[069]  As used herein, the term “hetero atoms” is meant to refer to atoms other than
carbon atoms such as oxygen, nitrogen, sulfur, phosphorus, and the like. Usually, a
heteroatom is multivalent so as to form at least two covalent bonds, which can be used

in a linking group or other moiety.
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[070] "' “As"uded HEFEIH; tHiéterm “biological sample” 1s meant to reter to a soha or
fluid sample that is obtained from a biological entity. As such, a biological sample
can include, but is not limited to, any quantity of a substance from a living thing or
formerly living thing, such as humans and other animals. Such a substance can
include, but is not limited to, blood, serum, plasma, urine, tears, cells, organs, tissues,
bone, bone marrow, lymph, lymph nodes, synovial tissue, chondrocytes, synovial
macrophages, endothelial cells, skin, and the like.

[071]  As used herein, the term “patient” is meant to refer to human and other
animal subjects. More particularly, a patient is a human or other animal subject
needing an anti-epileptic drug such as lamotrigine.

[072] The lamotrigine analogs can include a lamotrigine molecule coupled to a
linker moiety, and optionally include an operative group. The linker moiety and
operative group can be any of a wide range of chemical compounds that can modify
the physicochemical properties of lamotrigine. Accordingly, the linker moiety can be
comprised of an alkyl, aliphatic, straight chain aliphatic, branched aliphatic,
substituted aliphatic, cyclic aliphatic, heterocyclic aliphatic, aromatic, heteroaromatic,
polyaromatic, and the like.

[073])  As used herein, the term "aliphatic" is meant to refer to a hydrocarbyl
moiety, such as an alkyl group, that can be straight or branched, saturated or
unsaturated, and/or substituted or unsubstituted, which has twenty or less carbons or
hetero atoms in the backbone. Additionally, an aliphatic can include 10 or less
carbons or hetero atoms in the backbone. An aliphatic group may comprise moieties
that are linear, branched, cyclic and/or heterocyclic, and contain functional groups
such as ethers, ketones, aldehydes, carboxylates, and the like. Exemplary aliphatic

groups include but are not limited to substituted and/or unsubstituted groups of
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methyl, “€tRYL" propyl; “biityl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl,
eicosyl, alkyl groups of hfgher number of carbons and the like, as well as 2 -
methylpropyl,  2-methyl-4-ethylbutyl, 2,4-diethylpropyl, 3-propylbutyl, 2.8-
dibutyldecyl,  6,6-dimethyloctyl,  6-propyl-6-butyloctyl,  2-methylbutyl,  2-
methylpentyl, 3-methylpentyl, 2-ethylhexyl, and the like. The terms aliphatic or alkyl
also encompasses alkenyl groups, such as vinyl, allyl, aralkyl and alkynyl groups.
[074]  Substitutions within an aliphatic group can include any atom or group that
can be tolerated in the aliphatic moiety, including but not limited to halogens, sulfurs,
thiols, thioethers, thioesters, amines (primary, secondary, or tertiary), amides, ethers,
esters, alcohols, oxygen, and the like. The aliphatic groups can by way of example
also comprise modifications such as azo groups, keto groups, aldehyde groups,
carbonyl groups, carboxyl groups, nitro, nitroso or nitrile groups, heterocycles such as
imidazole, hydrazino or hydroxylamino groups, isocyanate or cyanate groups, and
sulfur containing groups such as sulfoxide, sulfone, sulfide, and disulfide.
Additionally, the substitutions can be via single, double, or triple bonds, when
relevant or possible.

[075]  Further, aliphatic groups may also contain hetero substitutions, which are
substitutions of carbon atoms, by hetero atoms such as, for example, nitrogen,
oxygen, phosphorous, or sulfur. As such, a linker comprised of a substituted aliphatic
can have a backbone comprised of carbon, nitrogen, oxygen, sulfur, phosphorous,
and/or the like. Heterocyclic substitutions refer to alkyl rings having one or more
hetero atoms. Examples of heterocyclic moieties include but are not limited to

morpholino, imidazole, and pyrrolidino.
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“[076] ~ “As iséd herein, the term “aromatic” is meant to refer to molecule is one in
which electrons are free to cycle around circular or cyclic arrangements of atoms,
which are alternately singly and doubly bonded to one another. More properly, these
bonds may be seen as a hybrid of a single bond and a double bond, each bond in the
ring being identical to every other. Examples of aromatic compounds that can be
present in lamotrigine analogs include benzene, benzyl, toluene, xylene, and the like.
The aromatic compound can include hetero atoms so as to be a hetero aromatic such
as pyridine, furan, tetrahydrofuran, and the like. Also, an aromatic can be a
polycyclic aromatic such as naphthalene, anthracene, phenanthrene, polycyclic
aromatic hydrocarbons, indole, quinoline, isoquinoline, and the like.

[077]  As used herein, the term "amine” is meant to refer to moieties that can be
derived directly or indirectly from ammonia by replacing one, two, or three hydrogen
atoms by other groups, such as, for example, alkyl groups. Primary amines have the
general structures RNH, and secondary amines have the general structure R,NH. The
term amine includes, but is not limited to methylamine, ethylamine, propylamine,
isopropylamine, aniline, cyclohexylamine, benzylamine, polycyclic amines,
heteroatom substituted aryl and alkylamines, dimethylamine, diethylamine,
diisopropylamine, dibutylamine, methylpropylamine, methylhexylamine,
methylcyclopropylamine, ethylcylohexylamine, methylbenzylamine,
methycyclohexylmethylamine, butylcyclohexylamine, morpholine, thiomorpholine,
pyrrolidine, piperidine, 2,6-dimethylpiperidine, piperazine, and heteroatom
substituted alkyl or aryl secondary amines.

[078]  As used herein, the term “poly(amino acid)” or “polypeptide” is a polyamide
formed from amino acids. Poly(amino acid)s will generally range from about 200-

2,000 molecular weight or greater than about 2,000 molecular weight, or having no
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‘upper-molecutar weight-hrfiit, and normally being less than 10,000,000 and usually
not more than about 600,000 daltons. There will usually be different ranges,
depending on whether an immunogenic carrier or an enzyme is involved.

[079] As used herein, the term “peptide” is meant to refer to any compound
formed by the linkage of two or more amino acids by amide (peptide) bonds, usually a
polymer of a-amino acids in which a-amino group of each amino acid residue (except

the NH; terminus) is linked to the a-carboxyl group of the next residue in a linear

" 13

chain. The terms “peptide,” “polypeptide,” and “poly(amino acid)” are used
synonymously herein to refer to this class of compounds without restriction as to size.
The largest members of this class are referred to as proteins having a defined
polypeptide sequence.

[080] Additionally, the terms used herein to describe the invention can be
construed using the foregoing definitions and/or definitions well known in the art. As
such, the foregoing terminology is meant to describe the invention and is not intended
to be limiting.

L Lamotrigine Analogs

(081] In one embodiment, the present invention relates to analogs of lamotrigine,
which can be used to prepare lamotrigine analog-based tracers, immunogens and/or
analogs. The lamotrigine analogs can be prepared as derivatives of the benzene ring,
such as a 4- or 5-position substitution on the benzene ring at the 4 and 5 atoms, and/or
derivatives of the triazine ring, such as a 3-position substitution on the triazine ring at
the 3 atom, as shown below. The lamotrigine analogs can be coupled to an
immunogenic moiety in order to produce a lamotrigine analog-based immunogens
that can be used in preparing monoclonal and polyclonal antibodies. Accordingly, the

antibodies generated using unique lamotrigine immunogens can interact and/or bind
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with lafndtrigih€ arid'the~airdlogs. These antibodies, immunogens, antigens, and
analogs can be useful in preparing for and performing immunoassays for the detection

of lamotrigine in biological fluids.

4- Substitution
N Cl

— N ~
5- Substitution

H,N N NH, <—— 3- Substitution
LAMOTRIGINE

{082] In one embodiment, the present invention describes novel analogs of
lamotrigine having 5- substitutions at the 5 atom on the benzene ring. That is, the
benzene ring can be conjugated to é linking moiety and/or an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>