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Alzheimer’s disease drug discovery regarding exploration into the molecules and processes has focused
on the intrinsic causes of the brain disorder correlated with the accumulation of amyloid-B. An anti-amy-
loidogenic bis-styrylbenzene derivative, KMS80013, showed excellent oral bioavailability (F=46.2%),
facilitated brain penetration (26%, iv) in mouse and target specific in vivo efficacy in acute AD mouse

model attenuating the cognitive deficiency in Y-maze test. Acute toxicity (LDso >2000 mg/kg) and hERG
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channel inhibition (14% at 10 pM) results indicated safety of KMS80013.

© 2013 Published by Elsevier Ltd.

Senile disease poses one of the greatest threats to the health
care systems under the demographic shift to an aging population.
Especially Alzheimer’s disease (AD) is the most common and fatal
neurodegenerative disorder among various senile dementias. AD
patients progressively undergo brain injuries linked to cognitive
impairment and behavior dysfunction to death. A variety of phar-
maceutical approaches targeting AD are currently investigated
but none of the approved drugs can solve the fundamental prob-
lems such as halting the degeneration of brain cells or reversing
the progression of the disease.! Although distinct causes of AD gen-
esis are not fully discovered yet, accumulation and aggregation of
amyloid p (AB) play a causative role in the pathogenesis.> There-
fore AD drug discovery regarding the molecules and processes has
been widely advanced and focused on the intrinsic causes of the
disorder correlated with the accumulation of AB.>® However small
molecule tramiprosate (Alzhemed)'® and monoclonal antibody
bapineuzumab (Johnson & Johnson and Pfizer)*° and solanezumab
(Eli Lilly) targeted AR were recently failed in phase III clinical tri-
als.” None of the molecules based on Ap hypothesis have been ap-
proved yet and there are only several candidates under the clinical
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trial in spite of challenging and urgency needs to develop better
designed compounds and improved trials based on Ap.
Consequently, we attempted to explore promising small mole-
cules that directly inhibit Ap aggregation to reduce neurotoxic Ap
species in the brain. And we previously reported bis-styrylbenzene
and bis-styrylpyridine derivatives that showed excellent inhibitory
activities against in vitro A fibril formation (ICso=0.1-2.7 uM)
comparable to a control curcumin (ICso = 0.8 pM).2 Curcumin was
reported to prevent neurotoxic AR species and disaggregate AB
effectively in vitro and in vivo.®~'2 Herein, we demonstrated a po-
tency of promising AD drug candidate KMS80013 (Fig. 1) selected
from previous reported chemical library. It displayed such a

KMS80013

Figure 1. Structure of KMS80013.
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Figure 2. (A) TEM images of AB42 (50 uM) without an inhibitor; (B) with KMS80013 (100 uM); (C) with curcumin (100 uM). All of the concentrations in A-C (Ap42 and
compounds) are final concentrations. The scale bars represent 60 nm. Each mixture of freshly prepared AB42 solution (10 pL, 100 uM in 10 mM sodium phosphate, pH 7.4)
and inhibitors (10 pL, 100 pM or 200 uM in 10 mM sodium phosphate, 2% DMSO, pH 7.4) was prepared. After all test solutions were incubated at 37 °C and 5% CO,, for 20 h,
each of them (5 pL) was immediately dropped on carbon coated grid. The grid was negatively stained with 1% uranyl acetate before drying for 2 h. TEM image was obtained
using a electron microscope (Phillips, CM-30).
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Table 1

PK parameters of KMS80013 in plasma and brain of mice
Parameters KMS80013

po iv

Region (n =3) Plasma Brain Plasma Brain
Dose (mg) 20 20 10 10
AUCy_24* 29210 + 4422 4526 + 255 31593 + 3780 8101+ 816
Cmax” 3489 + 636 395+110 13073 £ 585 1413 £158
Tmax" 1.0+0.9 4.7+4.6 0.08+0 04+03
ty2¢ 94 +3.1 14.5£0.0 73+05 6.04+0.72
F (%) 46.2
Brain distribution® (%) 15 26

2 0-24 (ng h/mL).

> (ng/mL).

¢ (h).

4 BA. F = (AUC,0/AUCy,) x 100

¢ Brain distribution = (AUCpy4in/AUCpiasma) % 100. All values are represented as mean + SEM.

dramatic pharmacokinetic (PK) profiles among several compounds
that was selected for further biological and pharmacological study
including animal behavior test (Supplementary data, SI Fig. 2).
Inhibition activity against Ap fibril formation in transmission elec-
tron microscopy (TEM) image and blood brain barrier (BBB) perme-
ability in a tight junction co-culture system were evaluated
in vitro. PK property involving oral bioavailability (BA) and brain
distribution were measured in vivo. The safety validation of animal
acute toxicity and in vitro human ether-a-go-go related gene
(hERG) channel activity was performed. Finally, in vivo efficacy
was assessed in an acute mouse model.

Corresponding with the previous thioflavin T assay result of
KMS80013 (ICs50 = 1.0 M), the reduction of AB fibrils in structural
morphology was confirmed in the TEM analysis (Fig. 2).!> The im-
age of AB (50 uM) without the compound (Fig. 2a) showed a large
amount of long and thick fibril aggregates. In contrast, the image of
AB with KMS80013 (100 uM, Fig. 2b) and curcumin (100 pM,
Fig. 2c) showed significantly reduced fibril aggregates. Surpris-
ingly, the image of Ap with KMS80013 (100 pM, Fig. 2b) did not
display any long and thick fibril species at all indicating more
prominent inhibition effect than curcumin.

Pharmacokinetic study is essential for drug development be-
cause it reflects absorption, distribution, metabolism and excretion
of an administered drug and gives information of potential phar-
macodynamic properties. The plasma and brain concentrations,
bioavailability (BA) and brain distribution (%) were measured in

ICR male mice (10 weeks old, n = 3) with oral (20 mg/kg, po) and
intravenous administration (10 mg/kg, iv). Plasma and brain PK
parameters of KMS80013 in mice are summarized in Table 1. Sur-
prisingly, area under the concentration-versus-time curve (AUCq_
24) of KMS80013 was 29,210 ng h/mL demonstrating very strong
absorption. Also a maximum plasma drug concentration (Cpax) of
KMS80013 was dramatically high as 3489 ng h/mL. KMS80013
exhibited good bioavailability (F = 46.2%) and long plasma half-life
(t12=9.4 h, po) as well as rapid plasma absorption (Tmax = 1 h, po).
As being expected through high apparent permeability coefficients
(Papp) in vitro BBB permeability assay (Supplementary data), brain
distribution of KMS80013 (15%, po; 26%, iv) was moderate demon-
strating its acceptable penetration across the BBB.

KMS80013 was then subjected to in vivo single dose toxicity
test to establish the appropriate drug dose. KMS80013 was orally
administrated in SD male rats (2 weeks old, n=3) at dose levels
of 500, 1000 and 2000 mg/kg. Toxicity was assessed based on mor-
tality and body weight change during 14-day observation period
(Supplementary data). No SD rats fed with KMS80013 showed
abnormal change of body weight (Supplementary data) compared
to vehicle control group. KMS80013 was safe with no toxic effects
at the dose level of 2000 mg/kg. The medium lethal dose (LDsp) va-
lue would be estimated to be over 2000 mg/kg.

Since the blockade of hERG potassium channels causes serious
cardiovascular problems leading to electrocardiogram prolonga-
tion risk and potentially to ventricular arrhythmias, it is recognized
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Figure 3. Therapeutic effect of Y-maze test in AB42-injected ICR mice (6 weeks old, n = 10). AB42 was injected to icv and each compound to ip. The same amount of solvent
(DMSO/PBS, 1/9) was administered into the control mouse with vehicle or compound treated mouse. *p <0.05 compared to Ap42; **p <0.01 compared to control. The data are
represented as mean + SEM. Statistical significance was calculated using the Student’s two-tailed t-test.

as a major hurdle in a new drug development. Therefore, the inhi-
bition activity of hERG channels was assessed in the early develop-
ment stage. KMS80013 barely inhibited the hERG potassium
channel (14%) at 10 uM. Drug candidates with ICsq values greater
than 10 uM are considered not to interact with the hERG channel
(Supplementary data).'*

To study in vivo target specific efficacy, Y-maze test was per-
formed in acute AD mice model.">'® Spontaneous alternation
behavior was measured (Fig. 3) to determine the effect of
KMS80013 treatment for short-term spatial working memory. To
mimic aspects of AD (deleterious effects on cognition and behav-
iors), AB42 monomer (100 pM, 5 pL) dissolved in DMSO/PBS (1/
9) was injected to ICR male mice (6 weeks old, n=10) by icv for
5 days.!”'® Animal models based on AB infusion support the Ap
cascade hypothesis which could provide insight in mechanisms
as well as secondary effects of AB toxicity and allow preclinical
evaluation of drugs specifically targeting AB. The vehicle (DMSO/
PBS) and Ap42-injected mice were administered with compounds
(30 mg/kg/day, ip). Four groups of mice were employed for this
behavioral test: control group (AB(—) vehicle icv, compound(—)
vehicle ip), AB/vehicle group (AB(+) vehicle icv, compound(—) vehi-
cle ip), Ap/tramiprosate group (Ap(+) vehicle icv, tramiprosate(+)
vehicle ip), and AB/KMS80013 group (AB(+) vehicle icv,
KMS80013(+) vehicle ip). KMS80013 (30 mg/kg) treated mice
showed improved alternation performance (70.0%, p <0.049) com-
pared to vehicle treated group (AB42 only, 64.1%, p <0.002). This re-
sult was comparable to that of wild type (control, 74.4%).
Tramiprosate, an ionic small molecule to inhibit AR deposition
for the oral treatment of mild to moderate AD patients but recently
discontinued in the late stages of a phase III clinical trial, was used
as a positive control.'® Tramiprosate treated mice revealed lower
level of alternation (67.3%) than KMS80013 treated group. The re-
sult of Y-maze test indicated that KMS80013 significantly en-
hanced spatial learning and memory by inhibition of A fibril
formation.

In conclusion, we found a potent AD drug candidate,
KMS80013, having synthetic feasibility. All results taken together
in this study demonstrated that KMS80013 was predominantly ab-
sorbed with high BA, crossed BBB, bound with soluble A and effi-
ciently prevented larger aggregation. Consequently, KMS80013

attenuated the cognitive deficiency blocking the AD phenotypes in-
duced by aggregated AP toxicity in animal model.
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