
Synthesis

Reaction of 2-amino-6-chlorobenzoic acid (I) with
phosgene and NaHCO3 in dioxane gives 5-chloroisatoic
anhydride (II), which is methylated by means of iodo-
methane and NaH in DMF to yield 5-chloro-1-methylisato-
ic anhydride (III). Finally, anhydride (III) is condensed with
the malonic monoamide (IV) by means of NaH in hot
dimethylacetamide (1). Scheme 1.

Alternatively, condensation of anhydride (III) with
ethoxy malonyl chloride (V) by means of NaOMe and tri-
ethylamine in dichloromethane affords 5-chloro-4-
hydroxy-1-methyl-2-oxo-1,2-dihydroquinol ine-3-
carboxylic acid ethyl ester (VI), which is finally condensed
with N-ethylaniline (VII) in refluxing toluene (1).
Scheme 1.

Alternatively, ester (VI) is hydrolyzed by means of
concentrated HCl in hot Ac2O to give the carboxylic acid
(VIII), which is finally condensed with N-ethylaniline (VII)
by means of SOCl2 and TEA in dichloromethane (1).
Scheme 1.

Introduction

Multiple sclerosis (MS) is an inflammatory, demyeli-
nating disorder of the central nervous system (CNS) that
is characterized by focal leukocyte inflammation resulting
in nerve cell dysfunction, muscle weakness and visual
disturbances, among other neurological impairments
(e.g., mild cognitive impairment, tremors, dizziness, hear-
ing loss, spasticity, fatigue, pain and loss of touch, tem-
perature and/or pain sensations). The inflammation
occurs in random areas of white matter of the CNS and
the resulting demyelination slows or completely blocks
neuronal transmission. Hardened, sclerotic patches of
scar tissue or plaques replace the myelin, and occasion-
ally the nerve fiber itself is damaged (2).

An estimated 2.5 million individuals suffer from MS
worldwide. The disorder is more frequently diagnosed in
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Abstract

Multiple sclerosis (MS) is an inflammatory, demyeli-
nating disorder of the central nervous system (CNS)
characterized by focal leukocyte inflammation resulting in
nerve cell dysfunction. The objectives of MS therapy
have been the treatment of relapse, the prevention or
modulation of relapse, the prevention of disease pro-
gression and accumulation of deficit, and the control of
symptoms. The disease-modifying agents currently avail-
able include antiinflammatory, immunomodulating and
immunosuppressive agents that must be administered as
weekly injections. Although these agents appear to pre-
vent or delay long-term disability and may alter the
course of the disease, long-term disease-suppressing
effects have not been proven. In addition, they are asso-
ciated with inflammatory reactions at the injection site
and influenza-like side effects. Thus, the search for oral-
ly active, safer, more effective agents continues.
Suppression of the activity of T-cells, B-cells and
macrophages which attack the myelin sheath is a focus
for development of immunomodulatory agents for the
treatment of MS, and researchers are searching for effec-
tive agents that lack the typical adverse events associat-
ed with immunomodulators. One novel chemical entity to
emerge is laquinimod (ABR-215062), an orally active
immunoregulator that has exhibited inhibitory activity
against disease development and inflammatory cell infil-
tration in the CNS in rodent models of human demyeli-
nating diseases. Moreover, laquinimod has a favorable
safety profile and has shown efficacy in phase I and II tri-
als in patients with MS. Laquinimod continues to under-
go phase II development for the treatment of MS.
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be responsible for development of the disorder.
Environmental factors have also been associated with
an increased risk of MS since higher incidences are
reported in more temperate climates. Moreover, genetic
susceptibility, possibly due to mutations of several inter-
acting genes (e.g., ApoE-ε4, HLA-DR2 and HLA-DR53
alleles), may also be involved in the pathology of MS
(2, 4-9).

The objectives of MS therapy have been the treat-
ment of relapse, the prevention or modulation of relapse,
the prevention of disease progression and accumulation
of deficit, and the control of symptoms. To date, the dis-
ease-modifying agents available, i.e., antiinflammatory,
immunomodulating and immunosuppressive agents,
include recombinant interferon (IFN) β1b and β1a, glati-
ramer acetate (Copolymer-1) and mitoxantrone hydro-
chloride. These agents are administered as frequent
injections to prevent or delay long-term disability and they
may alter the course of the disease. However, long-term
disease-suppressing effects have not been proven, and
treatment is associated with inflammatory reactions at the
injection site and influenza-like side effects. Thus, the
search for safer, more effective, orally active agents con-
tinues (2, 10, 11).

Immunomodulation is one of the most attractive
approaches for the treatment of MS. Suppression of the
activity of T-cells, B-cells and macrophages which attack

young adults and occurs twice as often in women as in
men (2-4). There are several subclasses of MS.
Relapsing-remitting MS (RRMS) is the most frequent
form at first diagnosis and is characterized by unpre-
dictable relapses or attacks where new symptoms appear
or existing symptoms become more severe. Secondary
progressive MS accounts for 40% of all cases and occurs
in patients initially diagnosed with RRMS who later expe-
rience progressive disability, often with superimposed
relapses. Primary progressive MS accounts for about
10% of all cases and occurs more frequently in men than
in women. It is characterized by a lack of distinct attacks
so that the individual experiences a slow onset and
steady worsening of symptoms without remission. Benign
MS occurs in about 10% of all diagnosed patients and is
characterized by 1 or 2 attacks followed by complete
recovery. Finally, there is an extremely rare subtype of
MS known as progressive relapsing MS, which is pro-
gressive from onset and is characterized by obvious
acute attacks (2-4).

The etiology of MS is unknown. The destruction to
myelin characteristic of the disease appears to result from
an abnormal immune response which could be triggered
by a dormant virus or other pathogen. Human her-
pesvirus type 6 (HHV-6), Epstein-Barr virus (EBV) and
Chlamydia pneumoniae have been frequently associated
with MS, although other viruses and pathogens may also
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nism of action of the agent is independent of IFN-β
expression (15, 17).

Laquinimod was also shown to inhibit relapse in a
chronic relapsing murine EAE model (B10.RIII mice
immunized with MBP89-101 peptide and Mycobacterium
tuberculosis in complete Freund�s adjuvant and injected
with PTX), indicating that the agent can be effective
against established disease. Laquinimod (5 mg/kg p.o. on
the first day of observed clinical manifestations) marked-
ly decreased the number of relapses (0.2 vs. 1.1 in con-
trols). In addition, treatment with the agent decreased the
number of days with severe disease (clinical score of 4 or
more: 5.8 vs. 15.9 days in controls) (15).

The efficacy of laquinimod in inhibiting inflammatory
cell migration into peripheral nerve tissue was demon-
strated in an in vivo study using a rat model of experi-
mental autoimmune neuritis (EAN) induced by immuniza-
tion with peripheral nerve P0 protein peptide 180-199 and
Freund�s adjuvant, a CD4+ T-cell-mediated model of the
human demyelinating disease Guillain-Barré syndrome.
Treatment with laquinimod (1.6 and 16 mg/kg/day s.c.
starting on the day of immunization and continuing until
day 35) significantly and dose-dependently delayed the
onset of clinical EAN by 2-8 days and decreased its
severity as compared to controls. Treatment with the
agent inhibited P0 protein peptide 180-199-specific T-cell
responses and reduced inflammation and demyelination
in peripheral nerves. Suppression of EAN in laquinimod-
treated animals was associated with dose-dependent
reductions in the inflammatory cytokines IFN-γ and
TNF-α in lymph nodes, and increases in the antiinflam-
matory cytokine IL-4 in peripheral nerve tissue. From
these results, it was suggested that the efficacy of laquin-
imod may be due to regulation of the Th1/Th2 cytokine
balance (16).

Pharmacokinetics

A coupled-column HPLC method was developed and
described for the determination of laquinimod in human
and animal plasma samples. The calibration graph was
linear over the range of 0.75-967 µmol/l. The method was
validated using laquinimod-spiked human plasma and the
limit of quantitation, intermediate precision and accuracy
obtained were 0.75 µmol/l, 1.8-3.6% (C.V.) and 97.7-
114.7%, respectively (18).

The pharmacokinetics of laquinimod and roquinimex
(5 mg/kg p.o.) were compared in SJL/N mice. Similar
values for total exposure were obtained for the agents.
Plasma Cmax and AUC values were 26 µmol/l and 152
µmol.h/l, respectively, for laquinimod and 30 µmol/l and
125 µmol.h/l, respectively, for roquinimex. However, bind-
ing to plasma proteins differed for the agents. The free
fraction of laquinimod and roquinimex in mouse plasma
was 2.2 and 21.5%, respectively, and when the Cmax and
AUC were calculated for the unbound agents, the AUC
value for roquinimex was 8 times higher as compared to
laquinimod (15).

the myelin sheath is a focus for development of
immunomodulatory agents for the treatment of MS.
Roquinimex (Linomide®) [I] is an orally active
immunomodulator that was effective in inhibiting MS in
clinical trials. However, phase III trials were terminated
due to the considerable incidence and intolerability of
adverse events (12-14). Researchers have therefore
focused on developing more effective agents that lack the
typical adverse events associated with immunomodula-
tors, such as fever, muscle and joint pain and stiffness.

One such novel chemical entity to emerge is laquini-
mod (ABR-215062), an orally active immunoregulator
that resulted from chemical modifications made to the
roquinimex structure, including introduction of sub-
stituents to the quinolone ring together with chain elonga-
tion of the amidic methyl group. Laquinimod is chemical-
ly distinct from roquinimex and has shown inhibitory
activity against disease development and inflammatory
cell infiltration in the CNS in rodent models of human
demyelinating diseases. Moreover, the agent was more
potent than roquinimex and showed a good safety profile
in dog models. Laquinimod was chosen for further devel-
opment as a treatment for MS (15, 16).

Pharmacological Actions

Laquinimod completely inhibited the development of
murine acute experimental autoimmune encephalo-
myelitis (EAE), an in vivo model of human demyelinating
disease (i.e., MS). Laquinimod (0.04, 0.2, 1 and 5
mg/kg/day p.o. on days 3-7 and 10-12 postimmunization)
dose-dependently inhibited the development of acute
EAE in SJN/N mice immunized with C57BL/6 mouse
spinal cord homogenate and injected with pertussis toxin
(PTX) to induce acute EAE, with complete protection
seen at the highest dose. Analysis of brain tissue from
laquinimod-treated animals revealed that treatment with
the agent at doses of 1 and 10 mg/kg p.o. significantly
reduced and abolished, respectively, leukocyte (CD45+

cells) inffiltration into the CNS. Roquinimex (0.2, 1, 5 and
25 mg/kg/day) also inhibited the development of acute
EAE, although it was approximately 20 times less potent
than laquinimod. Both agents inhibited the reduction in
body weight observed with acute EAE induction.
Moreover, laquinimod was shown to significantly inhibit
the development of acute EAE in both IFN-β knockout
and wild-type C57BL/6 mice, indicating that the mecha-
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were related to clinical outcome and included the number
of exacerbations and use of quantitative assessment
scales (EDSS and MSFC) to evaluate the level of patient
disability. Preliminary analysis of results showed that
laquinimod had a favorable safety profile. Patients treat-
ed with the highest dose had a significant 30% reduction
in MRI disease activity as compared to placebo; patients
treated with the lower dose also had decreases in dis-
ease activity, although the results did not reach signifi-
cance as compared to placebo. In addition, only about
25% of the patients receiving laquinimod had an exacer-
bation during the treatment period, with EDSS scores
remaining stable. Analysis of the results from this trial
continues (22).

Laquinimod is currently undergoing phase II develop-
ment for the treatment of MS.

Source

Active Biotech AB (SE).
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A study compared the systemic exposure to free
laquinimod-inducing inflammatory side effects to the sys-
temic exposure to free laquinimod-inducing therapeutic
effects obtained from humans and animals models.
Analysis of results predicted a therapeutic window for
laquinimod that was improved as compared to roquin-
imex. A pharmacokinetic study in beagle dogs reported
that laquinimod was well tolerated at doses up to 1.2
mg/kg/day, with little induction of inflammatory side
effects. The AUC value for the unbound drug (AUCunb) at
a dose of 1.2 mg/kg/day was 2.9 µmol.h/l; in humans, a
similar AUCunb was obtained with a dose of 5 mg/day. In
a study examining the pharmacokinetics of laquinimod in
mice with acute EAE, doses of 0.1-1 mg/kg/day resulted
in AUCunb values of 0.06-0.6 µmol.h/l; a similar AUCunb
was obtained in humans for doses of 0.1-1 mg/day. In
human studies, inflammatory side effects were observed
at doses of 2.4-2.5 mg/day, suggesting that humans are
more sensitive than predicted from animals models. From
analysis of these results, a therapeutic window for laquin-
imod in humans was predicted with a 102 span between
therapeutic and side effect dose-response curves. It was
predicted that initial therapeutic efficacy could be expect-
ed at a dose of 0.03 mg/day in patients with MS, with
maximum therapeutic activity occurring at about 0.3
mg/day (15, 16, 19, 21).

The safety, tolerability and pharmacokinetics of
laquinimod (50 µg in an aqueous solution) were exam-
ined in a study in 3 healthy male volunteers. Laquinimod
was safe and well tolerated. A compartmental model was
fitted to the plasma concentration-over-time data. The
expected plasma concentrations-over-time profiles for
various dosing regimens could be predicted from this
model (20, 21).

Clinical Studies

A multiple-dose, dose-escalation phase I trial was
conducted in both healthy volunteers and patients with
MS to determine the safety, tolerability and maximum tol-
erated dose (MTD) of laquinimod (0.05-2.4 mg/day p.o.).
In the first part of the study, healthy volunteers received a
loading dose (0.05-2.4 mg/day p.o.) to achieve steady-
state plasma levels, while in the second part, patients
with MS were treated daily for up to 4 weeks. Laquinimod
was concluded to have a favorable safety and tolerability
profile. In patients, dose-limiting inflammatory activation
was observed with a dose of 2.4 mg/day and the MTD
was concluded to be 1.2 mg/day (21).

The safety, tolerability and efficacy of laquinimod
(0.1 or 0.3 mg/day in tablet form for 6 months) were
examined in a multicenter, randomized, placebo-con-
trolled, parallel-group phase II trial that included a
2-month posttreatment follow-up period and involved
more than 200 patients with MS. Primary endpoints
included assessment of active inflammation of the brain
using MRI and determination of the number of flare-ups
and the time to the first flare-up. Secondary endpoints
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