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Discovery and development of the novel compound ZYZ-802
from garlic for the treatment of Alzheimer's disease
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DRUG NAME

DRUGTYPE
AND USE

HOW IT WORKS

COMMON
SIDE EFFECTS

Namenda®
(memantine)

N-methyl D-aspartate (NMDA)
antagonist prescribed to treat symptoms
of moderate to severe AD

Blocks the toxic effects associated with
excess glutamate and regulates
glutamate activation

Dizziness, headache,
constipation, confusion

Razadyne®
(galantamine)

Cholinesterase inhibitor prescribed to
treat symptoms of mild to moderate AD

Prevents the breakdown of
acetylcholine and stimulates nicotinic
receptors to release more acetylcholine
in the brain

Nausea, vomiting,
diarrhea, weight loss,
loss of appetite

Exelon®
(rivastigmine)

Cholinesterase inhibitor prescribed to
treat symptoms of mild to moderate AD

Prevents the breakdown of
acetylcholine and butyrylcholine (a
brain chemical similar to acetylcholine)
in the brain

Nausea, vomiting,
diarrhea, weight loss,
loss of appetite, muscle
weakness

Aricept®
(donepezil)

Cholinesterase inhibitor prescribed to
treat symptoms of mild to moderate,
and moderate to severe AD

Prevents the breakdown of
acetylcholine in the brain

Nausea, vomiting,
diarrhea

Cognex®
(tacrine)

Cholinesterase inhibitor prescribed to
treat symptoms of mild to moderate AD

Prevents the breakdown of
acetylcholine in the brain

Hepatotoxicity ,
Nausea, vomiting,
diarrhea
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Therapeutic,

manufacturer

Mechanism
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Published clinical or Ongoing or recently
preclinical completed

Masitinib,
AB Science

p40 antibody
[such as ustekinumab
(Stelara), Janssen or
briakinumab (ABT-874),
Abbott Laboratories

CHF5074,
Chiesi
Pharmaceuticals/CereSpir

Mast cell inhibitor

Proinflammatory
cytokine inhibitor

Microglial
modulator

assessment clinical trials

Phase Il: slowing of cognitive
decline when used as adjunct Phase Il
therapy to standard of care

Decreases in soluble AB and

N/A
cognitive impairment (|64)
Phase Il for MCI: improvements in
several cognitive measures (162), Phase |

decreases in CSF levels of TNF-a
and sCD40L
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Chinese Medicine: A Hope
for Neurodegenerative Diseases?

Betty Yuen Kwan Law®®, An Guo Wu®, Min Jun Wang™" and Yi Zhun Zhu*"*
AState Key Laboratory of Quality Research in Chinese Medicine, Macau University of Science
and Technology, Macau, China

bSchool of Pharmacy, Macau University of Science and Technology, Macau, China

Accepted 12 May 2017

Abstract. With the increase in the proportion of aged population due to the rapid increase of life expectancy, the worldwide
prevalence rate of multiple neurodegencrative discases including AlZheimer’s discase, Parkinson’s discase, and Huntington's
disease has been increased dramatically. The demographic trend toward an older population has drawn the altention Lo new
drug discovery and trealment on age-related diseases. Although a pancl of drugs and/or therapies are currently available for
treating the neurodegenerative diseases, side effects or insufficient drug efficacy have been reported. With the long history
in prescription of Chinese medicine or natural compounds for modulating aged-related discases, emerging evidence was
reported 1o support the pharmacological role of Chinese medicine in ameliorating the symploms, or interfering with the
pathogenesis of several neurodegenerative diseases. This review brings evidence about today’s trends and development of
a list of polential neuroprolective herbal compounds from bolh the traditional and modern pharmacological point of view
With future projections, the potential hope and implication of using Chinese medicine as an aliernative source for novel drug
discovery for neurodegenerative diseases is proposed.

Keywords: Aging, a-synuclkein, Alzheimer’s discase, amyloid-§, aulophagy, Chinese medicine, discase proleins, leonurine,
neurodegenerative diseases, Parkinson’s disease
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stimulator: LPS, AR,
MPTP. neuronal injury

Gong, ...Zhu, JAD 2011

Wu et al. Cell Mol Immunol. 2018

Wu et al. Antioxid Redox Signal. 2018
Miao et al. Antioxid Redox Signal. 2017
Liu et al. Bio Pharmaco. 2017

Wu et al. Redox biology. 2016

Hu et al. Antioxid Redox Signal. 2016
Xin et al. Antioxid Redox Signal. 2016
Shen et al. Antioxid Redox Signal. 2015
Pan et al. Antioxid Redox Signal. 2012
Wang et al. Antioxid Redox Signal. 2010

stimulus



https://www.axonmedchem.com/product/2666
https://www.axonmedchem.com/product/2666

FHIERMNEETRYE e

Cardiovascular
Research

Something is rotten in the state of angiogenesis
as gaseous stimulator of angiogenesis

www.elsevier.com/locate/cardiores

Editorial

— HaS

*
Imo E. Hoefer
Experimental Candiology, UMC Utrecht, G02.523, Heidelberglaan 100, 3584 CX Unrecht, The Netherlands

Received 4 July 2007; accepted 18 July 2007
Available online 25 July 200

See article by Cai et al. [7] (pages 29~40) in this issue.

The research on a new class of signaling molecules, later
named gaseous transmitters or gasotransmitters, started in
1986 with the discovery that the so-called endothelium-
derived relaxing factor (EDRF) is identical to nitric oxide
[1]. This finding was later awarded with the Nobel Prize and

H,SIEMEFhE(E
RRE—EHEC
M EGREEHEH.

gasotransmitters is their toxic effects in higher concentra-
tions. Despite their toxicity, they are endogenously produced
in significant amounts; the toxic effect level of e.g. H,S is
only twice as high as the concentrations in brain tissue,
demanding a delicate regulating mechanism to maintain
physiological levels [2].

H,S is endogenously generated from L-cysteine by two
distinct enzymes, thionine (-synthase (CBS) and
cystathionine ylyase (CSE), which are responsible for the
majority of H.S in mammalian tissue. The expression of

CBS and CSE is partly tissue specific; some organs express
both enzymes, whereas vascular H,S is mostly generated by
CSE and released from vascular smooth muscle cells, apart
from a minor non-enzymatic reaction [3]. In agueous
solutions, about one third of H,S remains non-dissociated
at physiologic pH. The effects of H.S on the cardiovascular
system are manifold. Smooth muscle relaxation and hence
vasodilatation is induced by H>S through opening of K ste
channels [34], an effect that can be antagonized by pre-
incubation with K xrp channel blockers. In the heart, HoS
induces coronary vasodilatation at low concentrations [5]
“This effect s eliminated at higher concentrations, where I
has negative inotropic effects [5]. Furthermore, H.S and CSE
have been associated with the pathogenesis of hypertension.
In spontancously hypertensive rts, CSE expression is
decreased, while exogenous administration attenuated the
development of hypertension [6].

In this issue of Cardiovascular Research Cai et al.
describe a novel, pro-angiogenic effect of HoS [7], thereby
joining the company of NO and CO as angiogenic factors [S—
10]. At first sight, this seems a redundant action, but it is not.
Gasotransmitters interact with each other, e.g. NO donors
have previously been shown to increase the expression of
CSE and the release of HS [3]. In the current study, the
authors used the H,S donor NaHS to assess its role during
angiogenesis. In summary, the authors showed that H.$ at
physiologic concentrations induces in vitro and in vivo
angiogenesis, promoting endothelial cell proliferation, adhe-
sion, and migration, whereas higher but still non-toxic
concentrations yielded no such effects. Since the effects ofthe
‘gasotransmitters are o closely related, this study further tried

EHRWsIA374X

A REREES I HER

HBERNERES
T

FID C|

\nllu\ld‘\l\(\ & Redo

Cardiovascu
Resear

)

v

191@.%‘&59141@
nH 7 FKIFIE
M EFREE.

PXH,SEEER R

ERERYATT

FIAYH,S

HiE511192)%

Cell 2018

Circulation 2013

J Cell Mol Med 2008

J Am Soc Nephrol 2014

3
o

T8 H4069:%




M iRiRER
VEGFR2FHEEH,S

VEGF "

VEGFR2 U
H,. (?
V

_ Akt

v

MEFE

EM AR

VEGF: &R A4 REE]
VEGFR2 : INEAR4HIE4E RESI=EE-2

J

22
HERWRRES

F D Cl T

“SFHX"

‘#w¢

Phe1047
(Phe-Out) aC helix ~ Glu885

GSH
H.S
Glu885-Lys1023
salt bridge
Lys1023

E o

Cys1024

Cys1045 S-S bond

Glugss aC helix

Lys868-Glu885
salt bridge

Phe1047
(Phe-In)

Lys1023

s B

Cys1045 Cys1024

?&ﬁ*ﬁ?&cysuwl‘ﬂ&ﬁ?Hsz&lﬁ Antioxid & Redox Signal. 2013



ViR B
TR B G 2 BT KB EEA TR R - Mele e
1.8 EE 1.6 KB o
seEEE W) 2 HEEETEAY
3. B URE R NER 3. 8488 PR fAER S
™ BEBREGR.

1. ZEWEEHKHR
2. BEVIRRR
3. PLGATk

T SQ\COOH

ZYZ-802

=R B A2 ~—{E B I ZY Z-802 4% F& £ 7

v

R EBRIL: B BRE R REN
o« YERIR B nTEHREER LS
- KELES . RITE, BEE,
- YEREE B2, BEm R EN 12

RMRIZ, et al. CN104069068A

KMRITE, et al. CN108066286A
Cabral H, et al. Chemical Reviews 2018

Kakkar A, et al. Nature Reviews Chemistry 2017

Moller K, et al. Chemistry of Materials 2016
Ramazani F, et al. International J. of Pharmaceutics 2016



Faster
Review A~
TR > mq b

: é\vg)
------ L0 HEBEGERES

F D Cl T

EEFRRNNERE - #0R B £ &
BHESEE - IRFZYZ-802% bl iff G IMIERIRE
fER - RRERB{CIERHEREIR.




HERWRRES

rARERE 0 77

> ZYZ-8028 BEAPK-PDRSE

> nADRIRENHT 2T ER

P Bl F 4 &l i 53



ZYZ-80253 T EAPK-PDf 5%

ZYZ-802

ZYZ-802-Mic

) BB
£
S Gipptss 2 YZ-B02-MSN
| mman i:??@im
", E EHTIX 2%“
25 Hcoon!

ZYZ-802%& %

(@ﬁ@ﬁ%
e

1
1

1

1

1

1

1

1

1

1

1

i o)
1 H (o)

' <o/ﬁ% W)%OH
H o)

1

1

1

1

1

1

1

1

1

1

1

1

o

— SR AL

SEEEsE (570 wt%)
] A& YR
RN M I 22 FE Y

REMBR
HEEREK, SREM
Qe 2
R EMRE E
PRI S RE Y

PLGA Tk

EHTE &R R AR EI R,

AN 1 ~3(E 5
AT AR AR
B AR SRR

23

HEEmERES

FIDCIT



ZYZ-802HIE|EAPK-PDif5R

) RUSREIPKIASE

NH>

ZYZ-802

TS

E B

,_.
=)
3
~
I~
el
w
5
I
&

=
o
z:%’
zé_
o

S oS
5
~
S

Relative Intensity (%
~ - (=) =3
=
Q
\
)
L"N'“’z‘--s.
4&
]

0 |
100 150 200 250 300 350 400 450 50
=i

#RIZYZ-802E4 R E o
SRIH2S B E o

sHydrogen Sulfide

sHydrogen Sulfide
#%%S-Hydrogen Sulfide

#3S-Hydrogen Sulfide

o 0.0

2 0.0 04 08 12 16 20 24 2832 2 "00T04 08 12 16 20 24 28 32
Time. min Time, min

NH,

A COOH

|

H,S

\
‘\L%

3

Vg /1%

Drug dose J
Ingestion
Adsorption
Distribution (plasma concentration) v
Metabolism P
Clearance i . -~

Blood brain barrier

(or other membrane /

transport)

/ .
/ —r
A7
.

Target organ
Drug-receptor binding
Anti-inflammatory
Anti-AD activities
lon-channel
Angiogenesis

HERWERES

F D CIT



ZYZ-802HIE|EAPK-PDif5R

FIDCIT

TPIS ENOA
I. Proteomics
FAO
TCA
NH
s s
C COOH 7
ZYZ'802 III. Metabolomics
S
A Sdine M1 avsoance B Scaled proportionally to R2X
Colored according to p (corr) =
. e : ]
" HkcizwTe ® |® | HKCI-2 shOGT2
) iy £ . 9/
- ‘ el - $
c T Tewees T o i
&2 m‘
« | ES| Scan (21.484 min) Frag=350.0V g15 ::‘m" T wio !I..': = Conrl
s e ¢ - $0eT
“ H 2
. g g1 1 g H
" P %'E Y
2 == - §§°5 « 05 §§o
ol i
ot 0 s g 0 o o :
o P sctfomus 0t o o g‘;’«: L W.ﬂl - 9&"«::.«*‘ o




i ADRIZEN AR 2 1H E R abe

HEBEEERES

FIDCIT

) AL
%\/SJ\COOH
ZYZ-802
o, g |
(@)
2523 wff s
) f é/‘"’h '.'.::.:...::‘l
ZYZ-802-MSN | ZYZ-802-Mic ZYZ-802-PLGA

PR 4R A e KEIERR
B /R A A 5 HEBSBILLPYSE 5

AEMER SRR ER 52

HEH AL KA RIERF B IhAE

TE RS2 ESTERL R B Ath 4 4%

FR e TRIEAT 3 RIEEEH S




AEADR AR 2 1 EER s

FIDCIT

)

. - - NH, o
p » %\/ ¥ \)\COOH :
el ZYZ-802 '
SDX R 2 AIEHAP, F5HEE APP/PS1/)RISEEADIRRY

[
Morris7K X =
[ BHITARENER ]

[ | |
MABMRSWR  APSEKAERIER  ADHBIERES
S EkE
\ J
|
[ ERREZYZ-802R H J

BB




<>

8 R 1 U T 5T 23
ZYZ-802inADR SRR FIZRE A= HE

F D CIT
<
NH, “‘ el
%\/SJ\COOH [ C57BL/6/NER J APP/PS1##EL /NG

ZYZ-802
V ¢ zvz802 ) |
| | | |

lq(

eSS | |
ATH9. 10, 11. 125 FAEHE ﬁmggzgima et @R E-)
TR, BEUINR FORERRIER. asims gege © ® % %
HRERSH AN MeACETe S o spmagsz e o B
e - @, ELISAL WB syt b/ R4 52
| * 1
5 Wt A e R 41 15 SR AR ER | e
CSEARIE/MAE. HSAKHAEMAPK. PPAR ZD)’ _»'-*\- 5
Y~ Nrf-2. STAT3. NF-kB. Sirtl. Src. o
FALE M A
PRI BYies e AR TS

\
[ @ BAZYZ-80211ADRY & i& iR 6 B SR ER a1 AR ) ]




BIFREHIA T
ZYZ-8024hiZ o0/ ) 2 B AR AR (RS H

Microglia Neurons

NH,
T S\)\COOH
ZYZ-802
Neurons Co-culture
\/ v
| | |
HEETIEE INBEME R EEN 2 F i
APP. TaufiEfEit- YERNRENBEIUERL RIEfESREhREREAMN
AREPROS. AT ELISA%R 81/ |\ 2T 41 fif 4y FOEAEICER . AEAH
. BREEThRE. & AR BRI, WBER A&, PPARs. NF-kB.
as HIEARER STATstEM
v
FEBAZYZ-802:Af=/\NB E MR
R miaThae ZELARIER

E#EHADER

MERWmERES

F D Cl T



8l #h il i 5 _
ZYZ-8024{ it ) B B P I B R A B R PO B S

FIDCIT

MEFH=E

N BZAHRR5S 53 i

s e

e
ZYZ-802%]
EERRIE
PREERTHE!

{RE M AR VEGFR-24%
S, (RiEEAg FHA . =

=0iER HEHET
I fa Fr RS SR RIFHREETT



Q»

£ 5 e B B 52 .

FIDCIT

ZYZ-802EFEERATER#S

NH, <
S Hcoom &
2YZ-802
BEINEER FEREBIIE R

I I

I I I |
SshRNAT 28118 K* rp B 1B NI 51/ APP/PS1/MER CSE-/NRABFE

EEE T Ca2* i E N | |

| I
< E ﬁ K srpiBR 8 HN I 5/
[ L5300 ] = [ Col B A ]

A 4 Y

| | |
AT AL RO 2 HE TR R HK'. Co B TiEEmE e

I I
|

{Fﬁj HHZYZ-SOZiEi@%EIﬁﬁEE}

FiEiE R EHADIER




IS E BlFhiE

HEgmERES

FIDCIT

ISR ARESL ?

MRS, EFEAEMEE | ERH2SH

NH,
T SJ\COOH =
ZYZ-802




IS E BlFhiE

F D CIT

ABEAN{aI XN RBE 53 FH,S ?

NH>

ég*\/s\/J\COOH
ZYZ-802
:.l ~— %_,/?< o
FHPYEEE-ZRES P ¢ H,S 53> FHBfa{1)s:

BRSEERLEEE ARV REERS FEEN=REESR



AR EE

1E¢§CFDAzﬂﬁnn¢l¢& SR, NAEHCTEHRARERMIER
I

0 zxam
B szan N

s v

l B S E
4]

HERKRERES
FDCIT

B

BECNES 7
I smsmaan « I

PN acmn W ismmsmnmn
s

4
I

T
EEE P FTEHEYBHRBER v AUEISSRET)
s PRE PN« T e . s
D asvenss o B wmmamen sxs ! B B
azn o Bma  ona e
5 = E/)\%*ﬂﬁﬂﬁnﬁﬁﬁzﬁ v
At G l R RSB R
H EHAEERRBRE Y
R SRR
H EEEERBENE Y
SCRRE R
X LHBEMEBENR J
*F: 2EHEA DU MPIRE S san

(1) —EES-RAELHEERAMBRRE & !ﬂtﬁﬁpﬁ«asﬁiﬂﬁ Bt 4

HRUESZE, PEERFISK2019107257315;

ERE R R RRE R

(2) BS-RASZLMEWOINTFL_SULDR
BRERARARRGAFAZT, PEXFNR

2019107262493



RER - €y

st'l: ~5§§§§ﬂ*ﬂwﬁu FiDciT
BRES
YZ- 802l A
EH# APEIGKRIFS
( IRAFIIRA ) ROWAZS AE , KIT, 973EM%

( first-in-class ) BEIHE % @WADEE%

R AT

H,SHH& RS HI1ER

& FHEEHTH,SEEEMNRNEE, W
ZYZ-8021E £5H, S HI T R LAl 2 i gE
PEIRAL T AT RE

& ZYZ-8027HH BEABR —EH %L
B R “+— R 5B E R EAH]
SFERLEEY) (20092X09301) , i
BAERE F¥ZYZ-80214T T B RIZG
VB BUR. ERPRATZERE) /12 KA

K B R T 5 /




[ 2 3H A M

IR

Myocardial fibrotic
LR

FRERERER: m8ERBETINHEMN
7328 R0 37 B ;R NOX-4 4R 3700 B F0 UL 2w Bk
SRFFRETL

AW (BRANERICERF) EBX
PR RHEHIRARMKIZEAAERREKFH
HEFIRERXE T, RMMNPAHHFE
FIRRACZERENR - mBER (X

A QNN 100\ 1L I+ mn &5 /2 10 FN A rh K Ay

E L FESRFTERAT

C&EN) 2017£4E48 HhR3
R0 T RE AT E RIS R
FRVFHBERE—
KR .

CREDIT: JEAMFRANCOIS

TRENBLAY/CEEN

q
€A

HBEEERES

F D Cl T

DRUG DEVELOPMENT

Chinese professors
turn entrepreneurial

Spurred by increased funding and clearer guidelines,
academics aim to develop commercial drugs

JEAN-FRANCOIS TREMBLAY, CREN HONG KONG

molecular madicine at Shanghai's
Tongji University who for decades
has beex: studying the machanizms

mmmtge«!-’e’p Fang also has two
companies in Yantai in Northeast China.
gnilﬁme(]‘:m!;lefowdgcm-who 5
2V og olozic: s for cancers an

os. It md;ugmplms 50 people.
m other provides manufacturing services to
RemeGen and other drug finms.
In Beijing, Xizodong Wang is the founder of
the National Institute of Biological Scisnces,
2 govemment lab that conducts basic life
sciences ressarch and employs 700 people.
On the side, Wang is founder and director of
BeiGene, 2n oncology drug research firm he
launched in 2010. BeiGene has several drug

] ianmin Fang is 2 professor of

candidates being tested on patients in China
and other countries.

Fang and Wang are pioneers who started
their companies before it was fashionable

for Chinese academics to do so. China has
long been fertile sround for entreprensurs
Wanting to set up drug discovery firms. But
among the kundrads of biotechs that have
sprung upwos::he country in the past

15 years, few were launched by academics.
Many, if not most, are led by Chiness-bom
entrepreneurs who worked in the US. bio-
tach sector.

But more and more acadamics are
launching their own companies nowadays
In 2 shift, the institutions they work for are
encouraging them to 6o 20, and the
Zovemment is supplyins financinz.
.-\lﬂwugx professor-CEOs remain less
common in China than in the West, the
country is quickly catching up as it 2ims to
make science and innovation play 2 mors
important role in economic development.
The main driver for any academic to start
his or her own drug firm is the desire to
develop new treatments for patients rather

Zhu, the new dean of the
school of pharmacy at :
Macau University, poses

in a lab where recently
delivered instruments .
are getting installed. q

than advance science for its own s2ke
“Papers push the boundaries of knowladze,
but the pew knowiadze has to become 2
treatment,” Fang s2ys. “Science has to
translate into 2 medical solutio:
After raceiving his PhD. in bio!
Dalhousie University, Fang did 2 postdoc
Harvard Medical School, where he studied
tumor biology and angiogenesis, or blood
vessel growth, in tumors. The insights

he accumulatad over the years led him to
launch RemeGen, which is now developing|
several drug candidates. One, an anti- body|
drug conjugate, is undergoing Phase II
clinical trials in China for the treatment of
braast and gastric cancers

Fang says ke could have succassfully
lzunched RemeGen in the U.S., but being
baszd in China will benefit a greater numbe
of patients. “China’s FDA has not approved
many biological drugs, so the need is huge
from the patients’ perspective,” he says

At Shanzha. Institute of Materia Medica
(SIMM) 2 stats pharmaceutical research 1]
that also trains students, several academics
are developing commercial drug candidated
Jian Ding, 2 professor and former diractor of
SIMM, went 50 far 23 to craate 2 biotach
firm in 2011 to conduct drug development
for scientizts at SIMM. The company,
HaiHe Pharmaceutical, now also works wi
academics and biotach firms not 2ssociated)
with the institate.

A focus of HaiHe is developing treatmeny
for cancers that are prevalent in China, say|
Ying Huang, the company s

A3, 2017 | CENACS.OMR | CEen
27
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for Neurodegenerative Diseases?

Betty Yuen Kwan Law™®, An Guo Wu®, Min Jun Wang®® and Yi Zhun Zhu*"*
4State Key Laboratory of Quality Research in Chinese Medicine, Macaw University of Science
and Technology, Macau, China

bSchool of Pharmacy, Macau University of Science and Technology, Macau, China

Accepled 12 May 2017

Abstract. With the increase in the proportion of aged population due (o the rapid increase of life expectancy, the worldwi
prevalence rate of multiple neurodegencrative dis including AlZheimer’s discase, Parkinson’s discase, and Huntington's
disease has been increased dramatically. The demographic trend toward an older population has drawn the atteation (o new
drug discovery and trealment on age-related d Although a pancl of drugs and/or therapies are currently available for
treating the neurodegenerative diseases, side effects or insufficient drug efficacy have been reported. With the long history
in prescription of Chinese medicine or natural compounds for modulating aged- ed diseases, emerging evidence was
reported 1o support the pharmacological role of Chinese medicine in ameliorating the symploms, or interfering with the
pathogenesis of several neurodegenerative diseases. This review brings evidence sbout today’s trends and development of
a list of polential neuroprolective herbal compounds from both the traditional and modern pharmacological point of view
ith future projections, the potential hope and implication of using Chinese medicine as an alierative source for novel drug
covery for neurodegenerative diseases is proposed.

nuclein, Alzheimer’s discase, amyloid-B, autophagy, Chinese medicine, discase proleins, leonurine,
neurodegenerative diseases, Parkinson's discase
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