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Description

DEUTERATED OXOPHENYLARSINE COMPOUND AND USE THEREOF

Technical Field

The present invention belongs to the field of cleamisynthesis, and in
particular relates to a novel deuterated oxophesiyla compound and a
preparation method therefor and use thereof.

Background Art

Oxophenylarsine (Phenylarsine oxide, PAO) is a kmdaology inhibitor.
Arsenic atoms in oxophenylarsine have high affindtysulfur atoms of sulthydryl
In a biomolecule. Recent studies have found thapbgnylarsine is a Pl4KHl
inhibitor that can be used to treat Alzheimer'sdse.

Deuterium is a stable isotope of hydrogen. Compandtth hydrogen,
deuterium can form a more stable chemical bondchvimakes a drug molecule
more stable. Human subject research has found ttheat substitution with
deuterium can alter the half-life period of a draigd reduce the frequency of
administration while maintaining the original adiyvand selectivity. Deuterated
drugs have become a new direction and mode for davwg research and
development. In 2017, the United States Food ana) iddministration approved
the world's first deuterated drug, namely deuterég&rabenazine (AUSTEDOTM,
for treating Huntington's disease and its relatggkithesia). At present, a plurality
of deuterated drugs have entered clinical research.

Summary of the Invention
In one aspect, the present invention provides apoomd of formula | or a
pharmaceutically acceptable salt thereof,



formula (1)

wherein R, R?, R, R* and R are independently selected from hydrogen,
deuterium, halogen, methyl, mono-deuterated mettiyfeuterated methyl or

5 tri-deuterated methyl, and at least one &f R, R®, R* and R is deuterium or
deuterated.

In one embodiment, RR?, R®, R* and R are independently selected from
hydrogen or deuterium, and at least one, at leastdnd preferably at least three,
four or five of R, R?, R, R* and R are deuterium.

10 In a specific embodiment, the compound is selediedn the group

@©@©©@
o ﬁﬁgﬁﬁ
@@©Q$Q

D and

consisting of:

15 In another aspect, the present invention disclof®es use of the
above-mentioned compound or the pharmaceuticalg@able salt thereof in the
preparation of a drug for preventing or treatindigease or pathological reaction
in a subject.

In one embodiment, the disease is selected frommart cachexia such as a

20 malignancy or cachexia caused by a chemotherapduig for treating tumor,
Alzheimer's disease, a disease related to inttdaellprotein misfolding, a
lysosomal storage disease, an inflammatory readtiesue and organ fibrosis, an
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infectious disease caused by a virus and neurosis.

In one embodiment, the subject is a human or amwnan mammal.

In a specific embodiment, the tumor is selecteanfigmphoma, cervical
cancer, liver cancer, breast cancer such as tnplgative breast cancer, lung
cancer such as non-small cell lung cancer or so@lllung cancer, colorectal
cancer, gastric cancer, skin cancer such as meknoosteocarcinoma,
osteosarcoma, myeloma, leukemia or ovarian cancer.

In a specific embodiment, the disease related toadellular protein
misfolding is Parkinson's disease, Lewy body deraentultiple system atrophy,
inclusion body myositis, frontotemporal dementiaunktington's disease, a
polyglutamine disease, amyotrophic lateral sclerosia prion disease.

In a specific embodiment, the lysosomal storageadis is a sphingolipid
metabolism disorder such as Gaucher disease, NieRi@k disease type C,
mucopolysaccharidosis, a glycogen storage diseaglgcoprotein storage disease,
a lipid storage disease, post-translational maalificn deficiency, an integral
membrane protein deficiency disorder, neuronaliddnpofuscinosis or a disorder
of lysosome-related organelles.

In a specific embodiment, the inflammatory reactisnmanifested by an
increase in inflammatory factors such as TéNBF IL-6 in local tissue or systemic
blood.

In a specific embodiment, the tissue and organodisris selected from
pulmonary fibrosis or hepatic fibrosis.

In a specific embodiment, the virus comprises aomavirus and a
non-coronavirus, and preferably, the coronaviruseigcted from avian infectious
bronchitis virus, porcine epidemic diarrhea virupprcine transmissible
gastroenteritis virus, porcine hemagglutinating epi@alomyelitis virus, porcine
delta coronavirus, canine respiratory coronavimeuse hepatitis virus, feline
coronavirus, human coronavirus, severe acute agspyr syndrome virus, middle
East respiratory syndrome virus or novel coronaviand the non-coronavirus is
selected from a hepatitis C virus or an HIV.

In a specific embodiment, the neurosis is selefrttad neurasthenia, anxiety,
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depression or mania.

In another aspect, the present invention disclosesof the above-mentioned
compound or the pharmaceutically acceptable safetf in the preparation of a
drug for preventing or treating a disease in aexttbithe use further comprising
administering a second agent to a subject in nieeckof. The present invention
discloses use of the above-mentioned compound er gharmaceutically
acceptable salt thereof and the second agent irpriggaration of a drug in a
combined administration for preventing or treatndisease in a subject.

In one embodiment, the disease is selected frommert and the second
agent is an agent for treating tumor.

In a specific embodiment, the disease is seleat®u pulmonary fibrosis,
and the second agent is an agent for treating jamydibrosis, such as a vascular
endothelial growth factor receptor tyrosine kinadgbitor, preferably nintedanib.

In a specific embodiment, the second agent is amtafpr treating tumor,
and the agent for treating tumor is selected frdmeast one of paclitaxel,
gemcitabine, cyclophosphamide and temozolomide.

In one embodiment, the above-mentioned compounideopharmaceutically
acceptable salt thereof is administered priorwbsequent to or concurrently with
administration of the second agent.

In another aspect, the present invention discloaegpharmaceutical
composition comprising the above-mentioned compoamthe pharmaceutically
acceptable salt thereof and a pharmaceuticallypéaloke carrier.

In one embodiment, the pharmaceutical compositiomhér comprises a
drug for treating tumor.

In a specific embodiment, the drug for treating dums selected from at least
one of paclitaxel, gemcitabine, cyclophosphamidétamozolomide.

In another aspect, the present invention disclase&thod for preparing the
above-mentioned compound or the pharmaceuticaltg@able salt thereof, the
method comprising the following steps:
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1) concentrated 0. OH NaHsOyhydrochloric Oxpe

s L2,  Thydrochloric TTon acidandso, e |
acid,NaNO, R R'" K MeOH
_— >
R4 R? 2) Na;COg3, AspO3 R4 R2 R4 R2
R3 CUSO4, Hzo R3 R3

1) adding concentrated hydrochloric acid and areaqgs solution of sodium
nitrite to an aqueous solution of aniline or a dhkreof that has a structure
corresponding to formula (I) at 0-10°C, and mamtay the temperature below
5°C;

2) heating an aqueous solution of sodium carborateenic trioxide and
copper sulfate to 90°C-100°C and then cooling tipgeaus solution, adding the
solution prepared in step 1) to the cooled aqusoligion, stirring and filtering
the resulting mixture, adjusting a pH value of ladte by adding an acid, and
separating the precipitated solid; and

3) stirring the precipitated solid, potassium iagidodium hydrogen sulfite
or hydrochloric acid and sulfur dioxide in methanatil the reaction is complete,
and then performing post-treatment to obtain thepmund.

In one embodiment, the post-treatment in step &)peses adjusting a pH
value to an appropriate value with an acid or a&pastracting with ethyl acetate,
combining organic phases, and then evaporatingytzeds.

In yet another aspect, the present invention dsedaise of oxophenylarsine
and a derivative thereof in the preparation of agdfor preventing or treating
tissue and organ fibrosis such as pulmonary fisroshepatic fibrosis.

The present invention discloses use of oxophengkarand a derivative
thereof in the preparation of a drug for preventorgtreating an inflammatory
reaction, wherein the inflammatory reaction is rMfested by an increase in
inflammatory factors such as TNFer IL-6 in local tissue or systemic blood.

The present invention discloses use of oxophengkrand a derivative
thereof in the preparation of a drug for preventorgtreating cachexia such as
malignancy or cachexia caused by a chemotherapduiicfor treating tumor.

The present invention discloses use of oxophenglarand a derivative
thereof in the preparation of a drug for preventingreating tumor.

5
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In one embodiment, the oxophenylarsine and thevalire thereof have a

structure of formula (Il) or a pharmaceutically eptable salt thereof,

Aséo
X

-,
-

(R%n

formula (1)

wherein (a) Ris each independently selected from H, halogem,iyano,
hydroxyl, amino, carbamoyl, C1-6 alkylsulfuryl, @lalkyl, C1-6 cycloalkyl,
C2-6 alkynyl, C2-6 alkenyl, C1-6 alkoxy, C1-6 hdlod, C1-6 alkylene-NH2,
C1-6 alkylene-NH-C(O)H, -As(O), -N=NH, N-(C1-6 alkgmino, N,N-(C1-6
alkyl)2amino, -NH-C(O)H, -NH-S(O)2H, -C(O)OH, -OCjB, -SH, -S(O)2H,
-S(0)2-NH2 or heterocyclyl and is optionally subggd with R or R, wherein
the R and R are each independently selected from amino, Clkgd, &C1-6
alkoxy, C1-6 haloalkyl, N-(C1-6 alkyl)amino, N-(6 tL2-membered aryl)amino,
N,N-(C1-6 alkyl)2amino, C3-6 cycloalkyl, 6-12 meméd aryl or 3-12 membered
heterocyclyl and are optionally substituted withreaor more of halogen, nitro,
cyano, hydroxyl, amino, carbamoyl, -NH-C(O}*R-C(O)OR, 6-12 membered
aryl, C1-6 alkyl, C2-6 alkynyl, C2-6 alkenyl, Clakoxy, C1-6 haloalkyl, 3-6
membered heterocyclyl, C3-6 cycloalkyl or Bn-O-,emtin the Ris C1-6 alkyl
and is optionally substituted with one or more afdgen, nitro, cyano, hydroxyl,
amino, carbamoyl, 6-12 membered aryl, C1-6 alky;8alkynyl, C2-6 alkenyl,
C1-6 alkoxy, C1-6 haloalkyl, 3-6 membered heterbdydC3-6 cycloalkyl or
Bn-O-, wherein the R is selected from H, C1-6 alkyl, C2-6 alkynyl, Ci&enyl,
C1-6 alkoxy or C1-6 haloalkyl; and/or

(b) R on two adjacent carbon atoms forms a 5-12 membsyreldalkyl, aryl
or heterocyclyl, which is optionally substitutedthvone or more of halogen, nitro,
cyano, hydroxyl, amino, carbamoyl, 6-12 membered, a€1-6 alkyl, C2-6
alkynyl, C2-6 alkenyl, C1-6 alkoxy, C1-6 haloalky;6 membered heterocyclyl,
C3-6 cycloalkyl or Bn-O-,

wherein n is an integer from 0 to 5.

In one embodiment, n is an integer from 0 to 2, dnel P is each

independently selected from H, halogen, nitro, oydaydroxyl, amino, carbamoyl,
6
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C1-6 alkylsulfuryl, C1-6 alkyl, C1-6 cycloalkyl, G4 alkoxy, C1-6 haloalkyl,
-As(O), N-(C1-6 alkyl)amino, N,N-(C1-6 alkyl)2amino-NH-C(O)H or
-NH-S(0)2H and is optionally substituted with thed® R.

In one embodiment, n is an integer from 0 to 2, dénel B is each
independently selected from H, halogen, nitro, oyamydroxyl, amino, C1-6
alkylsulfuryl, C1-6 alkyl, C1-6 cycloalkyl, C1-6 ladxy, C1-6 haloalkyl, -As(O),
-NH-C(O)H or -NH-S(O)2H and is optionally substidtwith the Ror R,

In one embodiment, n is 1 or 2, and thtiReach independently selected
from H, halogen, amino, C1-6 alkylsulfuryl, C1-6ctyalkyl, C1-6 alkoxy, C1-6
haloalkyl, -NH-C(O)R or -NH-S(O)2R, wherein the Ris C1-6 alkyl which is
optionally substituted with 6-12 membered aryl, #mel R is 6-12 membered aryl
which is optionally substituted with one of haloge@l-6 alkoxy or C1-6
haloalkyl.

In one embodiment, the®Rs located at an ortho position and/or a para
position to a -As(O) group.

In one embodiment, n is O.

In one embodiment, the compound is selected fragtbup consisting of:
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In one embodiment, the object is a human or a mdmma

In one embodiment, the tumor is selected from lyomp&, cervical cancer,
liver cancer, breast cancer such as triple negétigast cancer, lung cancer such
as non-small cell lung cancer or small cell lungasa, colorectal cancer, gastric
cancer, skin cancer such as melanoma, osteocam@jmusteosarcoma, myeloma,
leukemia or ovarian cancer.

In one embodiment, the use further comprises adieimng a second agent
to an object in need thereof, wherein the secomataig preferably an agent for
treating tumor.

In one embodiment, the second agent is an ageftrefting tumor.

In one embodiment, the compound is administereal po, subsequent to or
concurrently with administration of the second dgen

In one embodiment, the agent for treating tumaeiected from at least one
of paclitaxel, gemcitabine, cyclophosphamide amaotzolomide.

The present invention further discloses a methadstweening a drug for
preventing or treating a disease, the method camgricontacting a candidate
drug with PI4Kllloa proteins or nucleic acids or Pl4Kdlland detecting whether
the candidate drug can inhibit the formation oivagt of PI4KIIl o, wherein the
disease is selected from tissue or organ fibroars,inflammatory reaction,
cachexia and a tumor.

In one embodiment, the tissue and organ fibrossgliscted from pulmonary
fibrosis or hepatic fibrosis.

In one embodiment, the inflammatory reaction is fested by an increase
in inflammatory factors such as TNFer IL-6 in local tissue or systemic blood.

In one embodiment, the tumor is selected from lyomp&, cervical cancer,
liver cancer, breast cancer such as triple negatigast cancer, lung cancer such
as non-small cell lung cancer or small cell lungasa, colorectal cancer, gastric

10
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cancer, skin cancer such as melanoma, osteocarjmmsteosarcoma, myeloma,
leukemia or ovarian cancer.

Brief Description of the Drawings

FIG. 1 shows a plasma drug concentration-time ctwvgharmacokinetics
after single-dose intravenous injection of 0.1 mggRAO or d5PAO in male SD
rats.

FIG. 2 shows a plasma drug concentration-time ctwvgharmacokinetics
after single-dose oral lavage of 0.2 mg/kg PAOSPAIO in male SD rats.

FIG. 3 shows a vector map of arsynuclein overexpression plasmid.

FIG. 4 shows a standard preparation diagram®fnuclein ELISA.

FIG. 5 shows inhibitory effects of dSPAO and PAOapoptosis of SH-sy5y
cells. FIG. 5A shows effects of certain concentragi of dSPAO and PAO on
viability of SH-sy5y cells as detected by MTT (n5: mean + SEM; One-way
ANOVA; ***p < 0.0001 vs. ctrl; and ### p < 0.000¢s. ctrl). FIG. 5B shows
immunofluorescent staining images, wherein propidiodide (Pl) is added in
culture solution, and the mixture was co-incubated 15 min, followed by
immunofluorescent staining of Ki67.

FIG. 6 shows effects of d5PAO and PAO on improvivigbility of
stably-transformed APP (SW) HEK293 cells and prongp#ip release. FIG. 6A
shows effects of certain concentrations of d5PA@ &AO on viability of
stably-transformed APP (SW) HEK293 cells as detebe MTT (n = 5; mean +
SEM; One-way ANOVA; and **p < 0.001, **p < 0.0004s.ctrl). FIG. 6B shows
AP contents in supernatants as detected by an ELIGAvkerein A values of
each group are calculated according to a standangecFIG. 6C shows fold
changes of A contents in each group (data is normalized withag 1; n = 3;
mean + SEM; One-way ANOVA; and *p < 0.03, *p < 010 **p < 0.0001vs.
ctrl).

FIG. 7 shows comparisons of effects of deuteratsdpound PAO with a
structural formula on promoting fArelease. FIG. 7A shows pAcontents in
supernatants as detected by an ELISA kit, wherginv&lues of each group are

11



10

15

20

25

30

calculated according to a standard curve. FIG. iBws fold changes of (A
contents in each group (data is normalized withagrl; n = 3; mean + SEM,;
One-way ANOVA; *p < 0.03, **p < 0.001, **p < 0.0ADvs. ctrl; and ##p <
0.001, ###p < 0.000ds.50 nM d5PA0).

FIG. 8 shows effects of dSPAO and PAO on reduciagage of SH-sy5y
cells caused by-synuclein overexpression and on promotirgynuclein release.
FIG. 8A shows effects of certain concentrationd®PAO and PAO on viability of
transiently-transformed-synuclein cells as detected by MTT (n = 5; me&EM;
One-way ANOVA; and *p < 0.03, **p < 0.001, ***p <.0001vs.ctrl). FIG. 8B
showsa-synuclein contents in supernatants as detecteahl®yLISA kit, wherein
a-synuclein values of each group are calculatedrdoog to a standard curve (n =
3; mean £ SEM; One-way ANOVA,; and *p < 0.08. Ctrl). FIG. 8C shows fold
changes ofi-synuclein contents in each group (data is norredlith a-syn OE
group as 1; n = 3; mean £ SEM; One-way ANOVA; apd*0.03vs.ctrl).

FIG. 9 shows protective effects of dSPAO and PACam SH-SY5Y cell
model constructed by CBE. FIG. 9A shows viability SH-SY5Y cells treated
with CBE for 48 h, as detected by MTT. FIG. 9B skowability of SH-SY5Y
cells that are firstly treated with 100M of CBE for 24 h, then starved
(high-glucose DMEM free of FBS) while being treatsdh 100uM of CBE for
another 24 h, and finally treated with differenhcentrations of PAO for 24 h, as
detected by MTT. FIG. 9C shows viability of SH-SYB&#lIs that are firstly treated
with 100 uM of CBE for 24 h, then starved (high-glucose DMEiMe of FBS)
while being treated with 100M of CBE for another 24 h, and finally treated with
different concentrations of d5SPAO and PAO for 2a& detected by MTT (n = 5;
data is expressed as mean + SEM; ###p < 0.080krl; and **p < 0.001vs. 100
uM CBE, ***p < 0.0001vs.100uM CBE).

FIG. 10 shows effects of PAO on inhibiting CBE-icdd lysosome and
GlcCer storage and promoting GlcCer efflux. FIGAEhows immunofluorescent
staining images of Lyso-tracker, wherein SH-SY5YIscare co-incubated with
lysosome trackers for 30 min, then the supernatantemoved, different
concentrations of PAO are added, the mixture washated for 10 min, and

12
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Lyso-tracker is observed by immunofluorescent stgin FIG. 10B shows
statistical analysis of fluorescent intensity osbytracker in each group (scale bar:
50 um; n = 5; One-way ANOVA,; ##p < 0.004s. ctrl; and **p < 0.001, ***p <
0.0001 vs. 100 uM CBE). FIG. 10C shows statistical analysis of GicC
concentrations in cell lysates of each group adngrdo LC/MS measurement
values. FIG. 10D shows statistical analysis of @IicCconcentrations in
supernatants of cell culture mediums of each gragpording to LC/MS
measurement values.

FIG. 11 shows effects dPl4Ka knockdown on promoting a reduction in
lysosomal storage. FIG. 11A shows Pl4Kprotein levels as detected by Western
blot, wherein SH-SY5Y cells are treated with diffiet shRNA interfering
lentiviral vectors (sh-ctrl, shPi4Ka, sh2Pl4Ka and sh3Pl4Ka) for 48 h. FIG.
11B shows statistical analysis results of Westéoh BIG. 11C shows fluorescent
intensity as detected by immunofluorescent stainofg Lyso-tracker after
treatment with shRNA interfering lentiviral vectoFG. 11D shows the statistical
analysis (scale bar: 50m; n = 5; data is expressed as mean + SEM; One-way
ANOVA; and ***p < 0.0001).

FIG. 12 shows a pGMLV-SC5RNAI vector map.

FIG. 13 shows bright-field images of MRC-5 cellsated for 24 h, wherein
the MRC-5 cells are cultured in MEM (FBS-free, @ning 5 ng/mL TGH31 and
different concentrations of PAO or d5PAO accordimgroups) for 24 h (scale bar:
50 um).

FIG. 14 shows inhibitory effects of d5SPAO and PA®expression oi-SMA
and Calponinl in MRC-5 cell models. FIG. 14A showsoression levels of
a-SMA and Calponinl as detected by Western blot.. BB shows statistical
analysis results of expression levelsasoEMA in each group. FIG. 14C shows
statistical analysis results of expression levél<alponinl in each group (the
protein signal intensity is analyzed by Image dveafe, with the signal intensity
of ctrl as 1; n = 3; One-way ANOVA; data is expesas mean + SEM; *p < 0.03,
**p < 0.001, **p < 0.0001vs.5 ng/mL TGFB1; and #p < 0.08s.ctrl).

FIG. 15 shows inhibitory effects of d5SPAO and PA®expression oi-SMA

13



10

15

20

25

30

and Calponinl in MRC-5 cell models. FIG. 15A showsmunofluorescent
staining images o&i-SMA in each group (redi-SMA, blue: DAPI (nuclei), and
scale bar: 50um). FIG. 15B shows immunofluorescent staining insag
Calponinl in each group (red: Calponinl, blue: DARIclei), and scale bar: 50
um). FIGs. 15C and 15D show statistical analysisiltesof immunofluorescent
intensity ofa-SMA and Calponinl, respectively (with the mearueabf ctrl as 1;
n = 5; One-way ANOVA; data is expressed as mearEM;S'p < 0.03, **p <
0.001, ***p < 0.0001lvs.5 ng/mL TGFB1; and ###p < 0.000ds. ctrl).

FIG. 16 shows regulatory effects of dSPAO and PAQ® expression of
Calponinl in MSC. FIG. 16A shows immunofluorescetaining images of
Calponinl in each group (red: Calponinl, blue: DAGdIl nuclei), and scale bar:
50 um). FIG. 16B shows statistical analysis resultgyohunofluorescent intensity
of Calponinl (n = 4; One-way ANOVA; and data is egsed as mean + SEM).

FIG. 17 shows inhibitory effects of dSPAO and PA®secretion of COL1 in
MRC-5 cells during fibrosis. FIG. 17A shows COL1 ncentrations in
supernatants of each group as detected by ELISAGnand data is expressed as
mean + SEM). FIG. 17B shows statistical analysisC@iL1 concentrations in
supernatants of each group (with the mean valurbés 1; data is expressed as
mean + SEM; *p < 0.03, **p < 0.001, ***p < 0.000k.5 ng/mL TGFB1; and #p
< 0.0001vs.ctrl).

FIG. 18 shows effects of shRNA interfering lent@livectors on reducing
expression of Pl4Ka, wherein the shRNA interfering lentiviral vectoese
co-incubated with MRC-5 cells for 48 h, and proseare collected for Western
blot. FIG. 18A shows detection of Pl4Kdlproteins. FIG. 18B shows data analysis
results of Image J software (data is normalizedh \sfi-ctrl as 1 and expressed as
mean £ SEM; n = 3; and ***p < 0.0004. sh-ctrl).

FIG. 19 shows inhibitory effects d?l4Ka knockdown on expression of
Calponinl andu-SMA in MRC-5 cells treated with TGF1, wherein after the
MRC-5 cells are adhered to the wall, lentiviral toes with different sequences
are added, and the mixture is cultured for 24 htegated with or without 5 ng/mL
TGF- B1 according to groups for 24 h, and immunofluorascgtaining is

14
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performed prior to observation. FIG. 19A shows immiluorescent staining
images ofa-SMA in each group (redi-SMA, blue: DAPI (nuclei), green: green
fluorescent protein (GFP), and scale bar: ptn). FIG 19B shows
immunofluorescent staining images of calponinl achegroup (red: Calponinl,
blue: DAPI (cell nuclei), green: green fluorescpridtein (GFP), and scale bar: 50
um). Statistical analysis results of immunofluoregcatensity ofa-SMA (FIG.
19C) and Calponinl are showed (data is normalizéddtive mean value of sh-ctrl
as 1 and expressed as mean + SEM; n = 5; *p < &§38< 0.0001 vs. sh-ctrl+5
ng/mL TGF$1; and ##p < 0.001, ###p < 0.00@4. sh-ctrl).

FIG. 20 shows inhibitory effects of d5SPAO and PA®s&cretion of IL-6 and
TNF-a in BV2 cell inflammatory models. FIG. 20A shows AN concentrations
in supernatants of BV2 cells as detected by ELISAgerein TNFe contents
(pg/mL) are calculated according to a standard e&uRtG. 20B shows relative
concentration changes of TNFin each group (with the mean concentration of
ctrl as 1). FIG. 20C shows IL-6 concentrations upernatants of BV2 cells as
detected by ELISA, wherein IL-6 contents (pg/mL& aalculated according to a
standard curve. FIG. 20D shows relative concewotnathanges of IL-6 in each
group (with the mean concentration of ctrl as ¥ 8; One-way ANOVA,; data is
expressed as mean + SEM; *p < 0.03, **p < 0.00Fp*% 0.0001vs. 1 pg/mL
LPS; and #p < 0.03, ##p < 0.004. ctrl).

FIG. 21 shows inhibitory effects of PAO on breamtaer.

FIG. 22 shows inhibitory effects of PAO on lymphama

FIG. 23 shows inhibitory effects of d5SPAO on melarao

FIG. 24 shows inhibitory effects of dSPAO on melamao on day 28 of
administration.

FIG. 25 shows comparison of effects of high-dos€OPand d5PAO via
lavage on weights and survival rates of mice.

FIG. 26 shows effects of PAO on weights of breasicer mouse models.

FIG. 27 shows effects of PAO on weights of panacezincer models.

FIG. 28 shows effects of PAO on weights of lymphamanal models.

FIG. 29 shows effects of d5SPAO in a combined adshiation on weights of
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mice with melanoma.

FIG. 30 shows inhibitory effects of PAO and d5PA@ 6ICoV229E
(influenza coronavirus).

FIG. 31 shows anti-anxiety effects of PAO and d5PA@erein d5PAO has a
more significant anti-anxiety effect than PAO.

FIG. 32 shows anti-depression effects of PAO andAdh wherein d5SPAO
has a more significant and stable anti-depresdfentehan PAO.

FIG. 33 shows inhibitory effects of dSPAO and PAQ aholesterol storage
caused by U18666A (scale bar: o).

FIG. 34 shows effects of PAO on promoting expressibLC3B and p62 and
effects of Baf-Al on blocking protection of PAOancell model. FIG. 34A shows
LC3B and p62 proteins as detected by Western Bl&s. 34B and 34C show
statistical analysis of signal intensity of LC3Bdap62 proteins as analyzed by
Image J software. FIG. 34D shows immunofluoresstaning images of LC3B
and p62 (red: p62, green: LC3B, and scale baru®). FIG. 34E shows cell
viability in each group as detected by MTT and stegistical analysis (n = 5; data
Is expressed as mean £ SEM; One-way ANOVA,; ###08@Lvs. ctrl; and **p <
0.001vs.100uM CBE).

FIG. 35 shows effects ¢tl4Ka knockdown on activation of ALP. FIGs. 35A
and 35B show LC3B protein levels as detected by t&esblot, wherein
SH-SY5Y cells are treated with different shRNA mféeing lentiviral vectors
(sh-ctrl, h1-Pl4Ka, sh2-Pl4Ka and sh3-Pl4Ka) forrd&nd the statistical analysis.
FIGs. 35C and 35D show LC3B protein levels, wheteecells are transfected by
shRNA interfering lentiviral vectors while receigirCBE treatment for 48 h of
co-incubation, and the statistical analysis (n d&a is expressed as mean + SEM,;
One-way ANOVA,; and *p < 0.08s.sh-ctrl).

FIG. 36 shows percentages of acetylcholine-indwedthnced pause (Penh)
values relative to a baseline.

FIG. 37 shows total counts of eosinophils, macrgebka neutrophils and
lymphocytes in bronchoalveolar lavage fluid (BALH)Test; one-tailed; * < 0.5,
** < 0.1 vs.the total cell content of the model group).
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FIG. 38 shows respective counts of eosinophils,rapd@ges, neutrophils
and lymphocytes in bronchoalveolar lavage fluid [BA (T.Test; one-tailed; * <
0.5, ** < 0.1vs.the BALF of the model group).

FIG. 39 shows collagen type | contents in plasrakirfg a normal group as
ctrl).

FIG. 40 shows comparison of effects of PAO and dR#t nintedanib (a
positive control drug) on the down-regulation o&hyonic acid in plasma of mice
with pulmonary fibrosis (taking a normal group &%)c

Detailed Description of The Invention

Hereinafter, the present invention will be desatibe detail according to the
embodiments and in conjunction with the accompamnydnawings. The above
aspects of the present invention and other aspétke present invention will be
apparent from the following detailed descriptionheTscope of the present
invention is not limited to the following embodinten

The term “compound” as used herein is intendeddtude all stereocisomers
(e.g., enantiomers and diastereomers), geometmoess, tautomers and isotopes
of the indicated structure.

In another aspect, the present invention relateletiberated oxophenylarsine,
preferably wherein all hydrogen atoms on a benazamg are substituted with
deuterated isotopes.

The compound described herein can be asymmetgg [@ving one or more
stereocenters). Unless otherwise indicated, alesisomers, such as enantiomers
and diastereomers, are intended to be included.cohgound described herein
may have various geometric isomers involving, fotample, olefins and
carbon-carbon double bonds, and all the stable asdrhave been considered
herein. Cis- and trans-geometric isomers of thepmamd are described herein
and may be isolated in the form of an isomer mituran individual isomer.

The compound described herein also includes a rario form. The
tautomeric form results from the exchange of alsifgpnd with an adjacent
double bond accompanied by the migration of pratofise tautomeric form
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includes proton tautomers in isomeric protonatitates that have the same
chemical formula and total charge. Examples of pheton tautomers include
keto-enol, amide-imidic acid, lactam-lactim, enaeimine and cyclic forms,

wherein protons may occupy two or more positionsiclis as 1H- and

3H-imidazole, 1H-, 2H- and 4H-1,2,4-triazole, 1hda2H-isoindole, and 1H- and
2H-pyrazole) of a heterocyclic system. The tautacrirm can be equilibrated or
sterically locked into one form by means of sukaslibstitution.

In certain embodiments, the small-molecule compadestribed herein can
be obtained by means of organic synthesis. The oangp described herein,
including a salt, ester, hydrate or solvate thereah be prepared by means of any
well-known organic synthesis technique and can yghesized according to a
variety of possible synthetic routes.

The term “oxophenylarsine” (PAO) as used hereierefo a small-molecule

compound with the following specific chemical stwe:
-0

-

Disease related to intracellular protein misfolding

The term “disease related to intracellular protmisfolding” as used herein
refers to a disease characterized by aggregati@brdrmally folded proteins in
the cytoplasm and is also diagnosed as proteinegggjon (accumulation) or
protein misfolding disease. In addition, the terdiséase related to intracellular
protein misfolding” also includes some intraceltulaclusion body diseases, such
as a disease with protein aggregation and inclusoaty formation, wherein such
inclusion body is mainly formed by aggregation ofcare protein due to
misfolding, with attachment of various stress pradanvolved in responding to
unfolded proteins.

The disease related to intracellular protein mdifg includes, but is not
limited to, Parkinson's disease (PD), Lewy body eetia (LBD), multiple system
atrophy (MSA), inclusion body myositis (IBM), frastemporal dementia (FTD),
Huntington's disease (HD), a polyamine diseasey(®olamyotrophic lateral
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sclerosis (ALS) and a prion disease.

Lysosomal storage disease

The term “lysosomal storage disease” as used heefers to a disease
caused by the accumulation of some endogenous ayearus substances in
lysosomes for various reasons, including but noitéd to, lysosomal function
deficiency caused by insufficient enzyme activitylysosomes and the lack of
processing and correction enzymes for activatoteprs, transport proteins or
lysosomal proteins, and due to the lysosomal fonctideficiency, the
corresponding substrate is unable to be digestsgdondary lysosomes and thus
Is accumulated, and a metabolic disorder occulesaith to a storage disease, etc.

The lysosomal storage disease includes, but iéimded to, a sphingolipid
metabolism disorder, mucopolysaccharidosis, a g@gno storage disease, a
glycoprotein storage disease, a lipid storage deseapost-translational
modification deficiency, an integral membrane piroteleficiency disorder,
neuronal ceroid lipofuscinosis or a disorder ofob@me-related organelles.
Among them, the sphingolipid metabolism disordetudes, but is not limited to,
Fabry disease, dermotosis of metabolism disturbdRreebe disease), Gaucher
disease types I, Il and Ill and perinatal lethal uGeer disease, GM1
gangliosidosis types I, Il and Ill, GM2 gangliossi® (amaurotic familial idiocy),
GM2 gangliosidosis, globoid cell leukodystrophy &Kbe disease),
metachromatic leukodystrophy and Niemann-Pick typ&s and B; the
mucopolysaccharidosis includes, but is not limited Hurler-Scheie syndrome
and Scheie syndrome (ML 1), Hunter syndrome (MBSSanfilippo syndrome A
(MPS 1lIA), Sanfilippo syndrome B (MPS I11IB), Sahfipo syndrome C (MPS
[IIC), Sanfilippo syndrome D (MPS IIID), eccentrateochondrodysplasia
syndrome (MPS [VA), eccentro-osteochondrodysplasiadrome (MPS IVB),
mucopolysaccharidosis type VI (Maroteaux-lamy spnae, MPS VI), Sly disease
(MPS VII) and MPS [X; the glycogen storage disemstudes, but is not limited
to, rare Pompe disease (GSD II); the glycoprotwmnage disease includes, but is
not Ilimited to, alpha-mannosidosis, beta-mannossdos fucosidosis,
aspartylglucosaminuria, Schindler disease typefafitile neuroaxonal dystrophy),

19



10

15

20

25

30

Schindler disease type Il (Kanzaki disease), Sdhindlisease type Il
(intermediate severe), sialidosis type | (chery-spot-myoclonus syndrome),
sialidosis type Il (mucopolysaccharidosis 1) anthgesialidosis; the lipid storage
disease includes, but is not limited to, acid lgaeficiency such as Wolman's
disease and cholesteryl ester storage diseasgyotdranslational modification
deficiency includes, but is not limited to, muleplsulfatase deficiency,
mucolipidosis type H/p (I-cell disease), mucolipidosis typeup (pseudo-Hurler
syndrome), and mucolipidosis typeyll{pseudo-Hurler syndrome variant); the
integral membrane protein deletion disorder incéideut is not limited to,
homocystinuria, Danon disease, a myoclonus-renklréasyndrome, sialidosis
(such as ISSD, Salla disease and intermediatees®adlia disease), Niemann-Pick
disease types C1 and C2 and mucolipidosis type ti¢ neuronal ceroid
lipofuscinosis includes, but is not limited to, @er lipofuscinosis type 1
(Haltia-Santavuori disease and INCL), neuronal icergpofuscinosis type 2
(Jansky-Bielschowsky disease), ceroid lipofuscwmosi type 3
(Batten-Spielmeyer-Sjogren disease), ceroid lipphasis type 4 (Parry disease
and Kufs disease types A and B), ceroid lipofussimtype 5 (finnish variant late
infantile), ceroid lipofuscinosis type 6 (Lake-Cawgh or Indian variant), ceroid
lipofuscinosis type 7 (Turkish variant), ceroiddfpscinosis type 8 (Northern
epilepsy and epilepsy-intellectual disability), @er lipofuscinosis type 9, ceroid
lipofuscinosis type 10, ceroid lipofuscinosis tyide ceroid lipofuscinosis type 12,
ceroid lipofuscinosis type 13 and ceroid lipofusais type 14; and the disorder of
lysosome-related organelles includes, but is noitéid to, Hermansky-Pudlak
syndrome type 1, Hermansky-Pudlak syndrome typeH&rmansky-Pudlak
syndrome type 3, Hermansky-Pudlak syndrome typeHdrmansky-Pudlak
syndrome type 5, Hermansky-Pudlak syndrome typeH&rmansky-Pudlak
syndrome type 7, Hermansky-Pudlak syndrome typeH8mansky-Pudlak
syndrome type 9, Griscelli syndrome type 1 (Eleggalsiyndrome), Griscelli
syndrome type 2 and Chédiak-Higashi disease.
Drug administration and medical use

The term “pharmaceutically acceptable” as used imerefers to those
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compounds, materials, compositions and/or dosagasfahat are, within the

scope of reasonable medical judgment, suitableigerin contact with human and
animal tissues without undue toxicity, irritatiom)lergic response or other
problems or complications, and are commensurate aviteasonable benefit/risk
ratio. In certain embodiments, pharmaceuticallyegtable compounds, materials,
compositions and/or dosage forms are those appioyadregulatory agency (e.g.,
the United States Food and Drug Administration, @@na Food and Drug

Administration, or the European Medicines Agency)listed on the generally

accepted pharmacopoeia (such as the United Sthwsn&copoeia, the Chinese
Pharmacopoeia, or the European Pharmacopoeia) sedl for animals (more

particularly, humans).

The term “object” as used herein may include a humad a non-human
animal. The non-human animal includes all vertasasuch as a mammal and a
non-mammal. The “object” also may be livestock (eagcow, a pig, a sheep, a
chicken, a rabbit or a horse), a rodent (e.g.oramouse), a primate (e.g., a gorilla
or a monkey) or a domestic animal (e.g., a dog cata The “object” may be a
male or female object, and also may be of diffeegy@s. The human “object” may
be Caucasian, African, Asian, Sumerian or otheesaor a hybrid of different
races. The human “object” may be an old persorgdart, an adolescent, a child
or an infant.

In some embodiments, the object described herarhisman or non-human
primate.

The deuterated oxophenylarsine disclosed hereinbesamadministered by
means of administration routes known in the arghsas an injection (e.g.,
subcutaneous injection, intraperitoneal injectimravenous injection (including
intravenous drip or infusion), intramuscular injent or intradermal injection)
administration or a non-injection administrationg(e oral administration, nasal
administration, sublingual administration, rectabtimanistration or topical
administration). In some embodiments, the deutdrat@phenylarsine described
herein is administered orally, subcutaneouslyamtrscularly or intravenously. In
some embodiments, the deuterated oxophenylarsingcrided herein is
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administered orally.

As used herein, the term “therapeutically effectarmount” refers to an
amount of a drug that can alleviate or eliminatksg@ase or symptom in an object
or prophylactically inhibit or prevent the occurcenof a disease or symptom. The
therapeutically effective amount may be an amofiat drug that alleviates one or
more diseases or symptoms in an object to a cestdent; an amount of a drug
that can partially or fully restore one or more gbjogical or biochemical
parameters associated with the cause of the diseasenptom to normal; and/or
an amount of a drug that can reduce the possimfitthe onset of a disease or
symptom. In some embodiments, the term “therapallitieffective amount” as
used herein refers to an amount of a drug thatallemiate or eliminate a disease
related to intracellular protein misfolding or asdgomal storage disease in an
object.

The therapeutically effective amount of deuteratedphenylarsine provided
herein depends on a variety of factors known in dhie such as weight, age,
medical history, current treatment received, olgduatalth condition, the strength
of drug-drug interaction, allergies, hypersendyivand side effects, as well as
administration routes and the extent of diseasgrpssion. A person skilled in the
art (such as a doctor or a veterinarian) may redudgecrease the dose according
to these or other conditions or requirements.

In some embodiments, the treatment further compri@éministering a
second agent to an object in need thereof.

In some embodiments, the second agent is an ageritefting a disease
related to intracellular protein misfolding, anccludes, but is not limited to,
levodopa and riluzole.

In some embodiments, the deuterated oxophenylaisiadministered prior
to, subsequent to, or concurrently with the secoyent.

The present application also relates to a methogreventing or treating a
disease related to intracellular protein misfoldintpe method comprising
administering an effective amount of deuteratedpbenylarsine to an object in
need thereof.
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The present application also relates to a methogreventing or treating a
lysosomal storage disease, the method comprisimgingtering an effective
amount of deuterated oxophenylarsine to a suljetted thereof.

Example 1. Synthesis and physical properties of cqgrounds

5 1.Synthesis and physical properties of d5PAO (pemtdeuterated
oxophenylarsine)

1.1 Synthesis of d5PAO

The synthetic route of d5PAO is as follows:

NH, 05, SOH Oxpe
47%
D D 0
60% D D D D
D
D D
d5-Aniline d5-PA d5PAO
10 Step 1: synthesis of d5-PA:
NH, Os, -OH
“As
D D A
L 0T
0,
D I D 60% 5 5
D
d5-Aniline d5-PA

91.35 mL of water and 18.27 g of penta-deuterataicha (d5-Aniline) were
added to a three-necked flask, stirred and cooted-0°C. 37.45 mL of
concentrated hydrochloric acid was added dropw#sier that, an aqueous

15 solution of sodium nitrite (13.43 g of solid sodiumtrite dissolved in 36.5 mL of
water) was added dropwise, and the temperaturanaastained below or at 5°C
for about 2-3 h to complete the preparation ofezaoinium salt.

274 mL of purified water, 69.06 g of sodium carbena6.82 g of arsenic
trioxide and 2.83 g of copper sulfate pentahyd(@eSO4-5H0) were added to

20 another container, heated to 90°C-100°C, stirrednostatically for 30 min, and
then cooled to 5°C-15°C. The diazonium salt prepatsove was slowly added in
batches, and the temperature was controlled towerlthan 15°C. The resulting
mixture was stirred for 2-3 h, then naturally heate room temperature, stirred
overnight and filtered. The filter cake was rinsgdh water. The filtrate was

25 combined. The pH value of the system was adjusted.@ by slowly adding
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concentrated hydrochloric acid, with a small amowit brown floccules
precipitated. Suction filtration was performed. Thteate was washed three times
with 100 mL of ethyl acetate, and the aqueous phes® concentrated under
reduced pressure at 50°C-60°C to about 170 mL, witarge amount of white
solids precipitated. Suction filtration was perfean The filter cake was rinsed
with cold water and dehumidified, and the solid wia®ctly dried at 50°C in a
blast oven for 18 h to obtain 35 g of d5-PA as #inwhite solid (yield: 90.83%,
MS ES+(m/z): 208.0 [(M+H]).
Step 2: Synthesis of d5-PAO:

O~ _OH O~
As. o ~As
D '_b D D
47%
D D D D
D D
d5-PA d5PAO

400 mL of purified water, 25 g of d5-PA, 75.4 gsoidium bisulfite, 0.32 g of
potassium iodide, and 125 mL of methanol were addedthree-necked flask and
stirred overnight at 30°C-40°C. The reaction wamieated until most of the raw
materials were reacted completely. The temperaifithe resulting solution was
controlled below 30°C, and the pH value was adguste 7.0 by adding
concentrated hydrochloric acid. The mixture wasasted with ethyl acetate for 4
times. Then, the organic phases were combined amckatrated at 35°C-45°C to
dryness to obtain 20 g of wet white solid. Thedalias heated to reflux with 240
mL of tert-butyl methyl ether for 1 h and then amhl Suction filtration was
performed. The filter cake was washed with cold NET&nd dried at 50°C in a
blast oven overnight to obtain 8.7 g of d5PAO awhite solid {3C-NMR (3,
DMSO-d6): 149.9, 129.6, 129.4, 128.2, MS ES+(mtZB.99 [(M+HY)]).

1.2 Physicochemical properties of d5SPAO

1.2.1 Instruments

Agilent1260Prime high performance liquid chromatgyr, Mettler Toledo
XS105 balance (0.01 mg), KQ5200B ultrasonic inseom(Kunshan Ultrasonic
Instruments Co., Ltd.), BR2000-GM variable speedliasor (VWR International)
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and 0.45um filter membrane (Shanghai Qingyang BiotechnolGgy, Ltd.).

1.2.2 Experimental drugs

d5PAO (purity: 97.9%), acetonitrile (chromatogragatlly pure, Sinopharm
Chemical Reagent Co., Ltd.), and hydrochloric @id DMSO (analytically pure,
Sinopharm Chemical Reagent Co., Ltd.).

1.2.3 Solution preparation

2 mL of 0.1 M hydrochloric acid solution was takend diluted with
deionized water to 20 mL to obtain a 0.01 M hydfogh acid solution, and the
pH was determined as 2 with a precision pH tesepap

2 mL of 0.01 M hydrochloric acid solution was takand diluted with
deionized water to 20 mL to obtain a 0.001 M hy#iftodc acid solution.

2 mL of 0.001 M hydrochloric acid solution was takand diluted with
deionized water to 20 mL to obtain a 0.0001 M hygtitoric acid solution, and the
pH of the solution was determined as 4 by a precipH test paper.

20 mL of deionized water was taken, and the pHdaesrmined as 6.

7.5 mg of d5PAO was taken into a centrifuge tubtoded by adding 1 mL
of DMSO. The resulting mixture was ultrasonicallsciblated for dissolution and
diluted to 10 mL with an acetonitrile/water (1/1)xed liquid to obtain a 0.75
mg/mL d5PAO stock solution. The d5PAO stock solutivas diluted into
different d5PAO working solutions (0.3 mg/mL, 0.4fy/mL, 0.075 mg/mL, 0.03
mg/mL and 0.015 mg/mL).

1.2.4 Chromatographic conditions

Liquid chromatograph: Agilent 1260 Infinity Il Premultra-high pressure
liquid chromatography system.

Chromatographic column: ACQUITY UPLC® Peptide C18432.1 * 100
mm ID., 1.7um (Waters).

Mobile phase A: water : ACN (v : v, 95 : 5) soluticontaining 0.01% AA
and 2 mmol/L NH4O0Ac.

Mobile phase B: water : ACN (v : v, 5 : 95) soluticontaining 0.01% AA
and 2 mmol/L NH4OAc.

Elution gradient:
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Time (min) flow rate (mL/min) A (%) B (%)

Initial 0.400 95 5
2.00 0.400 2 98
3.00 0.400 2 98
3.20 0.400 95

4.00 0.400 95

Column temperature: 40°C

Feeding volume: 4L

Detection wavelength: 254 nm

1.2.5 Methodological investigation

Investigation of linear relationship

Different d5PAO solutions (0.75 mg/mL, 0.3 mg/mL1® mg/mL, 0.075
mg/mL, 0.03 mg/mL and 0.015 mg/mL) were taken amésnred according to the
above chromatographic conditions, and the chronnatog) were recorded. A
linear regression of peak area against sample otiatien was performed, and a
regression equation was obtained:

y =1647.7x + 0.9623,= 0.9999

The results showed that the d5SPAO sample concemtragas in the range of
0.015-0.75 mg-mL-1 and had a good linear relatipnsith the peak area.

1.2.6 Determination of equilibrium solubility

Different pH buffer solutions were pipetted (2 ndch) into 3-mL centrifuge
tubes. Excess d5PAO powder was added. Until a amgsunt of white insoluble
precipitates appeared in the solution, the regultmxture was ultrasonically
treated for 30 min, put in a thermostatic oscillahaken at 25°C for 24 h, then
ultrasonically treated for another 30 min and feétk with a 0.45tm filter
membrane. The subsequent filtrate was pipettedpltiOdiluted with water and
measured according to the above chromatographicditcmms, and the
chromatograms were recorded. The solubility of d5HA different pH buffers
was calculated as 5.36 mg/mL, 5.39 mg/mL and 5.§8mh, respectively.

Table 1. Solubility of d5SPAO

Drug pH Peak area Corresponding
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solubility (mg/mL)

d5PAO 6 884.20 5.36
d5PAO 4 889.51 5.39
d5PAO 2 986.70 5.98

2. Synthesis and physical properties of PAO
2.1 Synthesis of PAO

Synthesis route:

O.. .OH o
NH, N,BF, A oh SAs
48% HBF4, acetone © Na,CO3 CuSOy, Asy03 © i) HCI, KI, SO2, MeOH
: NaNO,, H,0 ii) NaOH
H,0, EtOH
J i) HCI
85% 82% o
Aniline PA 60% PAO
Step 1:
NH, N,BF,

© 48% HBF,, acetone
NaNO,, H,0
85%

Aniline (10.0 g, 107 mmol, 1.0 eq.) and acetone 1fd0) were added to a
250-mL single-neck flask and cooled to about -1§A@h temperature causes a
product to be dark), followed by slowly adding 48¥8F4 (30 mL, 29.5 g, 161
mmol, 1.5 eq.). NaN¢(11.0 g, 161 mmol, 1.5 eq.) was dissolved 0 H20 mL),
and the mixture was slowly added dropwise to thevabsolution. After the
addition, the temperature was maintained at -15t@ t, followed by stirring the
reaction at 0°C for about 1 h. The solid (white)swidtered and washed with
isopropyl ether (50 mL x 2). The product was dueder vacuum at 30°C (weight:
17.5 g, yield: 85%, pink solid) and directly usadhe next step.

Step 2:

N2 BF4 O\\ASiOH

i Na,CO; CuSOy, As,05 l OH
H,0, EtOH

82%

PA

NaCOs; (21.2 g, 200.6 mmol, 3.85 eq.), A5 (11.3 g, 57.3 mmol, 1.1 eq.),
CuSQ-5H;0 (800 mg, 3.13 mol, 0.06 eq.) and@H(60 mL) were added to a
250-mL flask. The suspension was heated to abd@ @& about 20 min so that
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most of the solids can be dissolved. The soluti@as wooled to about 0-15°C. A
suspension of azobenzene fluoroborate (10.0 g, fegabl, 1.0 eq.) and 10 (60
mL) was slowly added in batches, and a small amotiricetone was added to
reduce the foam aggregation. After the additior, thixture was stirred at room
temperature for about 12 h, filtered with diatonaitel washed with #D (20 mL x
3), wherein if the filtrate is too dark, activateshrbon can be added for
decolorization prior to filtering. Concentrated hgdhloric acid (12 N, 40 mL)
was added to the filtrate for neutralization, ahd teaction liquid was further
adjusted to be acidic. The filtrate was concentk#beabout 50 mL. The solid was
filtered and washed once with cold water. Thedtkrwas concentrated to produce
solids. The solids were filtered and washed ondé wold water. All the solids
were combined and dried (white solid, weight: 8,6/igld: 82%, MS ES+(/2:
202.9 [(M+H)Y)).

Step 3:
Os, .OH Os

D ~As

AS‘OH
i) HC, KI, SO2, MeOH
ii) NaOH
iiiy HC

PA 60% PAO

SO, was passed to a mixture of phenylarsenic acidd84D mmol, 1.0 eq.),
methanol (40 mL), concentrated hydrochloric aci® ¢hL) and Kl (catalyst
amount, 50 mg) until saturation, and the resulimigture was stirred at room
temperature for 2 h. A NaOH solution (2N) was adtiedhe mixture until the
solution was transparent. Then, concentrated hdvac acid was added for
neutralization. A white solid was precipitated ofiltered, recrystallized with
water/ethanol (1/5) and dried (weight: 4.0 g, yiéd@%, white powdery solidH
NMR (6, CDCk): 7.41-7.62 (m, 3H), 7.75-7.78 (m, 2H). MS "E@/2: 168.8
[(M+H)]).

2.2 Physicochemical properties of PAO

PAO has a molecular formula ofldsAsO and a molecular weight of 168.03.

2.2.1 Instruments

Agilent1260Prime high performance liquid chromatgyr, Mettler Toledo
XS105 balance (0.01 mg), KQ5200B ultrasonic inseom(Kunshan Ultrasonic

28



10

15

20

25

30

Instruments Co., Ltd.), BR2000-GM variable speedliasor (VWR International)
and 0.45um filter membrane (Shanghai Qingyang BiotechnolGgy, Ltd.).

2.2.2 Experimental drugs

PAO (purity: 98%), acetonitrile (chromatographigalpure, Sinopharm
Chemical Reagent Co., Ltd.), and hydrochloric @id DMSO (analytically pure,
Sinopharm Chemical Reagent Co., Ltd.).

2.2.3 Solution preparation

2 mL of 0.1 M hydrochloric acid solution was takend diluted with
deionized water to 20 mL to obtain a 0.01 M hydfogh acid solution, and the
pH was determined as 2 with a precision pH tesepap

2 mL of 0.01 M hydrochloric acid solution was takand diluted with
deionized water to 20 mL to obtain a 0.001 M hy#todc acid solution.

2 mL of 0.001 M hydrochloric acid solution was takand diluted with
deionized water to 20 mL to obtain a 0.0001 M hygtitoric acid solution, and the
pH of the solution was determined as 4 by a precipH test paper.

20 mL of deionized water was taken, and the pHdaedsrmined as 6.

7.5 mg of PAO was taken into a centrifuge tubdpfeéd by adding 1 mL of
DMSO. The resulting mixture was ultrasonically dateéd for dissolution and
diluted to 10 mL with an acetonitrile/water (1/1)xed liquid to obtain a 0.75
mg/mL PAO stock solution. The PAO stock solutionswdiluted into different
PAO working solutions (0.3 mg/mL, 0.15 mg/mL, 0.0v§/mL, 0.03 mg/mL and
0.015 mg/mL).

2.2.4 Chromatographic condition

Liquid chromatograph: Agilent 1260 Infinity Il Premultra-high pressure
liquid chromatography system.

Chromatographic column: ACQUITY UPLC® Peptide C18432.1 * 100
mm ID., 1.7um (Waters).

Mobile phase A: water : ACN (v : v, 95 : 5) soluticontaining 0.01% AA
and 2 mmol/L NH4OAc.

Mobile phase B: water : ACN (v : v, 5 : 95) soluticontaining 0.01% AA
and 2 mmol/L NH4OAc.
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Elution gradient:
Time (min) flow rate (mL/min) A (%) B (%)

Initial 0.400 95 5
2.00 0.400 2 98
3.00 0.400 2 98
3.20 0.400 95

4.00 0.400 95

Column temperature: 40°C

Feeding volume: 4L

Detection wavelength: 254 nm

2.2.5 Methodological investigation

Investigation of linear relationship

Different PAO solutions (0.75 mg/mL, 0.3 mg/mL, B.Ing/mL, 0.075
mg/mL, 0.03 mg/mL and 0.015 mg/mL) were taken amé@sared according to the
above chromatographic conditions, and the chronnatog were recorded. A
linear regression of peak area against sample otiatien was performed, and a
regression equation was obtained:

y = 1834.8x - 4.2355 R1

The results showed that the PAO sample concentrates in the range of
0.015-0.75 mg-mL-1 and had a good linear relatipnsith the peak area.

2.2.6 Determination of equilibrium solubility

Different pH buffer solutions were pipetted (2 ndch) into 3-mL centrifuge
tubes. Excess PAO powder was added. Until a langeuat of white insoluble
precipitates appeared in the solution, the regultmxture was ultrasonically
treated for 30 min, put in a thermostatic oscillahaken at 25°C for 24 h, then
ultrasonically treated for another 30 min and feégk with a 0.45:m filter
membrane. The subsequent filtrate was pipettedpltiOdiluted with water and
measured according to the above chromatographicditcmms, and the
chromatograms were recorded. The solubility of RA@ifferent pH buffers was
calculated as 1.15 mg/mL, 3.38 mg/mL and 4.52 mg/ima&pectively.

Table 2. Solubility of PAO
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Drug pH Peak area Corresponding

solubility (mg/mL)

PAO 6 207.25 1.15
PAO 4 616.40 3.38
PAO 2 824.35 4.52

3. Synthesis and physicochemical properties of dearated compounds
d1PAO, d2PAO and d3PAO
3.1 Preparation of d1PAO

Na
Br-@-NHz - D‘@NHZ
MeOD,DQO

Under nitrogen, parabromoaniline (3.44 g) was divesb in deuterated

methanol (5 mL), and the reaction mixture was peftlifor 30 min, spin-dried 3
times and then dehumidified for use. 3 g of metabdium was added to
deuterated methanol (10 mL) in batches, and alfterréaction was completed,
heavy water (30 mL) was slowly added to obtain &ol1€olution of sodium

deuteroxide in heavy water. Under nitrogen, thelpob in step 1 was dissolved in
deuterated methanol (5 mL). Zinc powder (6.5 g) taprepared 10% solution
of sodium deuteroxide in heavy water were addec fdsulting mixture was
heated to reflux for 3 h, cooled to room tempemratafter parabromoaniline
disappeared as detected by TLC, extracted withrediné spin-dried at low

temperature to obtain a product, p-deuteratednamnili

0]
37% HCI, H20 Na,CO3;, CuSO,, As,03 I _
D‘@*NHZ NaNO,, H,0 D‘@"Nz’ HCI H,0 D AIS OH

OH
The p-deuterated aniline (0.94 g) obtained in treipus step and water (5

mL) were added to a round-bottomed flask with a madig stirring bar and cooled
to 0-5°C. At this temperature, a 37% aqueous swiudf hydrochloric acid (2 mL)
was slowly added, and the mixture was diluted \witlnL of water. The resulting
solution was stirred and reacted for another 30. ilmen, an aqueous solution
(724.5 mg, 10.5 mmol, 3 mL of ) of NaNQ was slowly added to the reaction
liquid within 30-40 min at 0-5°C to obtain a browhi yellow solution. The

brownish yellow solution was stirred and reactetbattemperature for another 2
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h. NaCO; (4.0 g, 38.0 mmol, 3.8 eq.), &% (1.0 g, 5.0 mmol, 0.5 eq.),
CuSQ-5H0 (150 mg, 0.6 mmol, 0.06 eq.) andH (13 mL) were added
dropwise to another round-bottomed reaction fla3ke mixture was reacted at
95°C for 45 min to obtain a green solution. Theegreolution was cooled to
0-5°C. The azo hydrochloride prepared in step 1si@sly added dropwise to the
reaction liquid in step 2, and the temperaturéhefreaction system was controlled
to be lower than 5°C. When foam was generated guhe dropwise addition, a
small amount of acetone was added to remove then.fo&hen the foam
disappeared, the dropwise addition was continudek dropwise addition was
completed within 1 h, and then the temperature wedigrally raised. The resulting
product was stirred overnight and filtered withtdraite, and the filter cake was
rinsed with ice water (2 mL x 2). The agueous phaags concentrated to 10 mL
under reduced pressure at 50°C. The pH was adjtste@ by dropwise adding 4
mL of 6N HCI in an ice-water bath, with a small amoof yellowish-brown solid
appeared. Suction filtration was performed, ana tthe solid was washed with 2
mL of ice water and discarded. The pH was adjuste?-3 by dropwise adding
2.5 mL of 6N HCI to the filtrate, with a lot of bhles appeared. The filtrate was
concentrated under reduced pressure. When a largard of solids appeared in
the system, the temperature was lowered, suctltation was performed, and
then the solids were collected. The pH was adjustédby adding 6N HCI to the
resulting filtrate, and then rotary evaporation wasformed. When a large amount
of solids appeared in the system, the temperatlas Mwered, and suction
filtration were performed. The mother liquor wassived twice, and the solid was
collected. 900 mg of pure solid p-deuterated phasghic acid was obtained
(yield: 44%, 1H NMR §, DMSO-d6): 7.60 (d, 2H), 7.53 (d, 2H)).

o KI, HCI(37%), SO, 0
DOA'S_OH MeOH. rt.3h DOA/S
OH eOH, r.t.,

d1PAO

P-deuterated phenylarsonic acid (880 mg, 4.3 min0l.eq.), Kl (16.6 mg,
0.1 mmol, 0.023 eq.), 37% HCI (1.7 mL, 20.0 mmog 4qg.) and methanol (5.8
mL) were sequentially added to a 25-mL three-nedkesk and stirred at room
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temperature for 5-10 min. SQvas continuously passed, and the reaction was
carried out for 3 h. TLC showed the reaction was\gleted. The reaction liquid
was subjected to suction filtration and washed wméthanol (1.5 mL x 2). The
pH was adjusted to 14 by dropwise adding 15% NaOldtisn to the resulting
liquid in an ice-water bath, and the system apmkaszan orange cloudy liquid.
The mixture was extracted with ethyl acetate (50 xnR). The organic phases
were combined, dried over anhydrous,8l@;, filtered and spin-dried at low
temperature (20°C-28°C) to obtain a crude prodéibbut 4 mL of diethyl ether
was added to the crude product, and the mixture pugsed for about 30 min,
filtered and dehumidified to obtain about 430 mgd@PAO as an off-white solid
(*H NMR (3, DMSO-d6): 7.70 (d, 2H), 7.46 (d, 2H), MS E@n/z): 169.9
[(M+H) "], yield: about 59%).

3.2 Preparation of d2PAO

Br 1) conc HCI 10%Pd/C D NHoeHBr
D NH, 2
NH, MeOH

2) D,0,120°C D
D

Concentrated hydrochloric acid (5 mL) was addegwrse to a solution of
o-bromoaniline (3.44 g) in diethyl ether to obtairsolid. Suction filtration was
performed with a sand core funnel, and the mixtuaes washed with diethyl ether
and dehumidified to obtain aniline hydrochloridenddr nitrogen, the solid was
dissolved in heavy water (7 mL) in a sealed tube lapated to 120°C, and the
reaction was carried out for 24 h. The heavy watas spin-dried, and the
nitrogen was replaced. Heavy water (7 mL) was a@dgdan, and the reaction was
carried out for 48 h. The reactant was cooled tmréemperature, and the pH was
adjusted to 7 by using 30% sodium hydroxide. Thetune was extracted with
diethyl ether, dried over anhydrous sodium sulfatel spin-dried to obtain
2-bromo-4,6-dideuterium-aniline. Under nitrogen, @2 of methanol was added
to a mixture of 2-bromo-4,6-dideuterium-aniline ab@% Pd/C (300 mg). The
nitrogen was replaced by hydrogen, and the reaetascarried out for 3 h. When
TLC showed 2-bromo-4,6-dideuterium-aniline disappdathe resulting reaction
liquid was filtered with diatomite, washed with mal amount of methanol and
directly spin-dried to obtain 2,4-dideuterium-amdihydrobromide.
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D D D

0]
37% HCl, Hzo N32CO3, CUSO4, AS_203 I B
DONHZQHBr NaNO,, H,0 D‘@*Nz' HCI H,0 D P}S OH

OH

The 2,4-dideuterium-aniline hydrobromide obtainedhe previous step and
water (5 mL) were added to a 25-mL round-bottomkegkf with a magnetic
stirring bar and cooled to 0-5°C. At this temperafa 37% aqueous solution (1.1
mL) of hydrochloric acid was slowly added, and thxture was diluted with 5
mL of water. The resulting solution was stirred aedcted for another 30 min.
Then, an aqueous solution (724.5 mg, 10.5 mmolL3MH,0) of NaNQ was
slowly added to the reaction liquid within 30-40mat 0-5°C to obtain a brownish
yellow solution. The brownish yellow solution wasred and reacted at low
temperature for another 2 h. }&&; (4.0 g, 38.0 mmol, 3.8 eq.), A3; (1.0 g, 5.0
mmol, 0.5 eq.), CuSH5H,0 (150 mg, 0.6 mmol, 0.06 eq.) andH(13 mL) were
added dropwise to a 50-mL round-bottomed reactiaskf The mixture was
reacted at 95°C for 45 min to obtain a green smiutiThe green solution was
cooled to 0-5°C. The azo hydrochloride preparedtep 1 was slowly added
dropwise to the reaction liquid in step 2, and temperature of the reaction
system was controlled to be lower than 5°C. Whemfevas generated during the
dropwise addition, a small amount of acetone wateddo remove the foam.
When the foam disappeared, the dropwise additios aeatinued. The dropwise
addition was completed within 1 h, and then theperature was naturally raised.
The resulting product was stirred overnight anteifdd with diatomite, and the
filter cake was rinsed with ice water (2 mL x 2)hel aqueous phase was
concentrated to 10 mL under reduced pressure &.50%e pH was adjusted to
7-8 by dropwise adding 4 mL of 6N HCI in an ice-erdbath, with a small amount
of yellowish-brown solid appeared. Suction filtcatiwas performed, and then the
solid was washed with 2 mL of ice water and disedrdlhe pH was adjusted to
3-4 by dropwise adding 2 mL of 6N HCI to the fitea with a viscous solid
appeared. Suction filtration was performed, andsthlel (NMR showed that this
solid did not contain the product) was discardetie Tesulting filtrate was
concentrated to 8 mL, and the pH was adjusted3d-adding 6N HCI (0.5 mL),
with a large amount of solids appeared. Suctidrafibn was performed to obtain
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1.15 g of 2,4-dideuterium-phenylarsonic acid asla gyield: 56.4%H NMR (3,
DMSO-d6): 7.72 (d, 1H), 7.56-7.59 (m, 2H)).
D D

0 KI, HCI(37%), SO, Jo
D As-OH » D As
. MeOH. rt. 3h

OH

d2PAO

2,4-dideuterium-phenylarsonic acid (1.1 g, 5.4 mmd) eq.), Kl (20.6 mg,
0.124 mmol, 0.023 eq.), 37% HCI (2.1 mL, 25.0 mndo§ eq.) and MeOH (7.3
mL) were sequentially added to a 25-mL three-nedkesk and stirred at room
temperature for 5-10 min. SQvas continuously passed, and the reaction was
carried out for 3 h. TLC showed the reaction wasgleted. The pH was adjusted
to 7 by dropwise adding 15% NaOH solution in anwader bath, with a large
amount of insoluble matter appeared in the sysfEme. mixture was extracted
with ethyl acetate (50 mL x 2). The organic phasese combined, dried over
anhydrous Ng&Q, filtered and spin-dried at low temperature (22&C) to
obtain a crude product. About 3 mL of ethyl acetatess added to the crude
product, and the mixture was pulped for about 30, rilitered and dehumidified
to obtain about 400 mg of d2PAO as an off-whitedsH NMR (5, DMSO-d6):
7.58 (d, 1H), 7.36-7.39 (m, 2H). MS ES+ (m/z): I7Q(M+H)+], yield: about
48%).

3.3 Preparation of d3PAO
D

1) conc HCI
@NHZ D NHZOHC|
2) D,0,120°C
D
Concentrated hydrochloric acid (5 mL) was addedodrse to an aniline

solution (2.65 g of aniline, 7 mL of heavy watep obtain a solid. Suction

filtration was performed with a sand core funnekl éhe mixture was washed with
diethyl ether and dehumidified to obtain anilinelfgchloride, which was directly

used in the next step. Under nitrogen, the solid diasolved in heavy water (7
mL) in a sealed tube and heated to 120°C, andethetion was carried out for 24
h. The heavy water was spin-dried, and the nitrogas replaced. Heavy water (7
mL) was added again, and the reaction was caruetbo48 h to obtain a solution

of 2,4,6-trideuterium-aniline in heavy water, whislas directly used in the next
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step.
D D D

(0]
37% HCI, H,O NayCO3, CuSOy, As,O3 o
DQNHZ.HC| NaNOy, H,0 ( 2 Nz HCI H20 ° A(})SHOH

D D D

The solution (4.33 mL) of 2,4,6-trideuterium-andinin heavy water and
water (2.5 mL) were added to a 25-mL round-bottorflagk with a magnetic
stirring bar and cooled to 0-5°C. At this temperafa 37% aqueous solution (1.1
mL) of hydrochloric acid was slowly added, and thxture was diluted with 5
mL of water. The resulting solution was stirred aedcted for another 30 min.
Then, an aqueous solution (724.5 mg, 10.5 mmolL3MH,0) of NaNQ was
slowly added to the reaction liquid within 30-40mat 0-5°C to obtain a solution
turned from purple to yellow. The yellow solutiorasvthen stirred and reacted at
low temperature for another 2 h. J¢&; (4.0 g, 38.0 mmol, 3.8 eq.), A3; (1.0 g,
5.0 mmol, 0.5 eq.), CuS&H0 (150 mg, 0.6 mmol, 0.06 eq.) andCH(13 mL)
were added dropwise to a 50-mL round-bottomed i@adiask. The mixture was
reacted at 95°C for 45 min to obtain a green smtutiThe green solution was
cooled to 0-5°C. The azo hydrochloride preparedtep 1 was slowly added
dropwise to the reaction liquid in step 2, and temperature of the reaction
system was controlled to be lower than 5°C. Whemfevas generated during the
dropwise addition, a small amount of acetone wateddo remove the foam.
When the foam disappeared, the dropwise additios aeatinued. The dropwise
addition was completed within 1 h, and then theperature was naturally raised.
The resulting product was stirred overnight anterfdd with diatomite, and the
filter cake was rinsed with ice water (2 mL x 2)he€l agueous phase was
concentrated to 10 mL under reduced pressure &.50%e pH was adjusted to
7-8 by dropwise adding 1.8 mL of 6N HCI in an icater bath, with a small
amount of yellowish-brown solid appeared. Suctidtnation was performed, and
then the solid was washed with 2 mL of ice wated discarded. The pH was
adjusted to 3 by dropwise adding 1.8 mL of 6N HC&lle filtrate, with a faint
yellow solid appeared. Suction filtration was peried, and then the solid was
washed with 2 mL of ice water and collected. Theuling filtrate was
concentrated to 8 mL, and the pH was adjusteditp 4dding 0.8 mL of 6N HCI,
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with a large amount of solids appeared. Suctidmafibn was performed, and the
solids were collected to obtain 860 mg of 2,4,8duterium-phenylarsonic acid as
a solid in total (yield: 39%¢H NMR (5, DMSO-d6): 7.56 (s, 2H)).

D

9 Kl, HCI(37%), SO, P //o
b A'S_OH MeOH, r.t., 3h = D As
OH T
D D
d3PAO

2,4,6-trideuterium-phenylarsonic acid (3.9 mmoQ #&q.), KI (15 mg, 0.09
mmol, 0.023 eq), 37% HCI (1.3 mL, 18.0 mmol, 4.6) &mnd methanol (5.3 mL)
were sequentially added to a 25-mL three-neckesdkfland stirred at room
temperature for 5-10 min. SQvas continuously passed, and the reaction was
carried out for 3 h. TLC showed the reaction was\gleted. The reaction liquid
was subjected to suction filtration and washed wmgthanol (1.5 mL x 2). The
pH was adjusted to 7 by dropwise adding 4.3 mL @INaOH solution in an
ice-water bath, with yellow oily substances appeaoa the flask wall. The
mixture was extracted with ethyl acetate (25 mL)xThe organic phases were
combined, dried over anhydrous NaSO4, filtered asmn-dried at low
temperature (20°C-28°C). About 3 mL of ethyl acetats added to the obtained
solid, and the mixture was pulped for about 30 rfiltered and dehumidified to
obtain about 200 mg of d3PAO as an off-white sdlide mother liquor obtained
in the previous step was spin-dried, and aboutniL%f EtO was added to the
obtained solid, and the mixture was pulped for &b® min, filtered and
dehumidified to obtain about 170 mg of d3PAO a®#uwhite solid. The d3PAO
was combined (yield: about 55%] NMR (5, DMSO-d6): 7.46 (s, 2H). MS ES
(m/2: 171.9 [(M+H)]).

Example 2. Pharmacokinetic study of dSPAO and PAO

d5PAO (d5-PAQO) was prepared by the method desciibekample 1, and
PAO was prepared by the company. After adult mae subjects received
single-dose intravenous injection (the dose isiglkg, and the compound is
dissolved in 0.1% DMSO) or single-dose oral gavéige dose is 0.2 mg/kg) of
PAO and d5PAO, venous blood was drawn at 0, 0.025, 0.5, 1, 2, 4, 6, 8, 24,
32 and 48 h post-administration for pharmacokinetsts. The PAO and d5PAO in
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test samples were extracted by means of protempiaion. The treated samples
were loaded to a liquid chromatography-mass speeter/mass spectrometer
(LC-MS/MS) and detected in an ESI negative ion madeer liquid-phase
separation.

Sample treatment (blood samples):

1)40 pL of unknown samples, a calibration standam quality control
sample, a single blank sample and a double blamplsawere added into a
96-well plate;

2)120 pL of 0.1 mg/mL sodium dimercaptosulphonateater was added to
each sample;

3)40 pL of 0.2% formic acid in water was addedemch sample; the
resulting mixture was mixed uniformly, then incudxdtwith shaking at 45°C for
15 min and centrifuged at 4°C for 5 min (x3220 g);

4)each sample (except from the double blank sgmpés quenched with
200 pL of IS1 (the double blank sample was quenchidd 240 puL of MeOH),
shaken and mixed for 15 min and then centrifuged@t for 15 min (x3220 Q);
and

5)50 pL of supernatants were transferred to thevélb plate, centrifuged at
4°C for 5 min (x3220 g) and then analyzed by LC-MS/via the Triple
Quad6500LC-MS/MS (SCIEX) system.

Experimental results:

no significant difference was observed in the plzrokinetic indexes of
PAO and d5PAO at the same dose administered to BRlgats (n = 3) via
single-dose intravenous injection (0.1 mg/kg) argk-dose oral gavage (0.2
mg/kg)(see table 3, table 4 and FIGs. 1 and 2). Gibavailability of the 0.1
mg/kg gavage group was 15.7%.

Table 3. Pharmacokinetic indexes of PAO and d5PAfbeasame dose

administered to male SD rats via single-dose ietnaus injection (0.1 mg/kg)

PAO (IV, 0.1 mg/kg) d5PAO (1V, 0.1 mg/kg)

PK Parameters Mean + SD Mean + SD

No. points used for il 3.00 3.00
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Co (ng/mL)

1344.67 £ 210.97

1487.67 + 141.76

Tz (h) 11.4+0.03 12.43 +0.65

Vdss (L/Kg) 0.16 + 0.02 0.155 + 0.02

Cl (mL/min/kg) 0.41 +0.03 0.38 +0.02
Tiast () 48.0 48.000

AUC.ast (ng.h/mL)

4010 + 252.82

4337 + 280.63

AUCo.inf (ng.h/mL)

4061.67 + 258.10

4404.33 + 275.54

MRTo.1ast () 5.84 + 0.44 5.87 + 0.049
MRTo.int(h) 6.58 + 0.45 6.79 + 0.65
AUCexr4(%) 1.267 +0.05 1.54 +0.27
AUMC gxro(%) 12.47 +0.67 14.87 +1.46

Table 4. Pharmacokinetic indexes of PAO and d5Pd@imistered to male SD

rats via single-dose oral gavage (0.2 mg/kg)

PAO (PO, 0.2 mg/kg)

d5PAO (PO, 0.2 mg/kg

PK Parameters Mean + SD Mean + SD
No. points used for 1l 3.00 3.00
Cmax (Ng/mL) 156 + 12.53 161 +12.5
Tmax (h) 8.00 =+ 0.00 7.33+1.15
T12 (D) 6.87 £+0.94 7.19+0.78
Tiast (h) 48.00 48.00

AUCo.1ast (ng.h/mL)

2313.67 £419.51

244.5.00 +474.53

AUCo.int (ng.h/mL)

2341 + 425.87

2478.67 + 483.09

MRTo-ast (h) 12.53 £ 0.61 12.63+0.78
MRTo.in(h) 13.03+0.75 13.27 £0.9
AUCextro(%0) 1.16 + 0.47 1.35 + 0.44
AUMC extr(%0) 5.09 +1.99 5.92+1.8
Bioavailability (%} 28.82 28.14
Example 3. Comparison of effects on cell viability and

pharmacodynamics of d5PAO and PAO
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Cell culture and drug administration: the completgture system of
SH-SY5Y was high-glucose DMEM (Gibco) supplementedh 15% FBS
(Gibco). A plasmid was transfected by the Fugene tiihsfection reagent
(Promega, Beijing Biotech Co., Ltd. Catalog No. EPB The plasmid was
purchased from Obio Technology (Shanghai Corp.),ldadd the vector map was
shown in FIG. 3. The-synuclein overexpression plasmid has a sequence of
CAAACAGOGTOTGGCAGAAGCAGCAGGANAGACAAAAGAGGOTGTTCTCTATGTAGGCTCCAAAACCA
AGGAGCAGTGGTGACGGOTGTGACAGCAGTAGCCCA GAAGACAGTGGAGGOAGCAGGOAGCATIGEA
TCTGGAAGATATGCCTGTGOA TCCTOACAATGAGGCTT ATGAAATGCC TTCTGAGGAAGGGTATCAAGA
CTACGAACCTGAAGCCTAA (SEQ ID NO:1)

The stably-transformed APP (SW) HEK293 cell linesveehuman embryonic
kidney cell line transfected with Swedish doubletation APP695 cDNA. Before
the cells were seeded, the plate was treated WitlhgnL poly-D-lysine (PDL)
for 24 h. The culture solution was high-glucose DMWIBupplemented with 10%
FBS, and 20Qug/mL G418 was added for selection. After the celése seeded
into the plate for 48 h, starvation was perfornthdf is, the serum was removed
and only the high-glucose DMEM medium was usedeA#4 h of culturing , a
complete culture system was used for replacemadtgdeugs were administered.

Cell viability was detected by Thiazolyl Blue (MT&¥say.

At 12 h post-administration, MTT with a final comtstion of 0.5 mg/mL
was added, and the mixture was incubated for 4olgwed by pipetting the
culture solution. 10@L of DMSO was added to dissolve the adsorbed M@, t
residue was shaken for 15 min, and then the abscebaalue was read.

ELISA

a)The a-synuclein monoclonal antibody (Mouse monoclonalpr f
a-synuclein ELISA was purchased from Sigma-Aldri&h&nghai, Catalog No.
S5566); and ther-synuclein ELISA Kit was purchased from Thermo [Eish
Scientific (Catalog No. KHB0061). 50L of Hua-synuclein Detection Antibody
solution was added to each well (except from chigenoblanks empty, namely
the chromogen blank wells), and K0 of samples and standard curve samples
(see FIG. 4 for preparation of the standard cuampdes) were added to each well
(except from chromogen blanks empty). The resuliimgture was gently shaken
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and mixed uniformly. The plate was covered withilan fand incubated at 4°C
overnight. The wells were fully washed with 100 of 1x Wash buffer 4 times,
and 100uL of Anti-Rabbit IgG HRP to each well, except fraime chromogen
blank wells. The plate was covered with a film,ubated at room temperature for
30 min and then fully washed with 1x Wash buffeurfdimes. 100 pL of
Stabilized Chromogen was added to each well. Theigo turned blue and then
was incubated at room temperature in the dark forn8n. 100 pL of Stop
Solution was added to each well. The resulting onectwas gently shaken and
mixed uniformly. The solution turned yellow, andtNovoStar microplate reader
(BMG company, Germany) was used to read at an ptisorwavelength of 450
nm.

b) Ap ELISA

The Amyloid beta42Human ELISA Kit was purchasedrfréhermo Fisher
Scientific (Catalog No. KHB3544). 104 of diluted standard curve samples, 100
uL of blank controls and 10QL of samples were added into the corresponding
wells of an assay plate. The plate was covered aviihm and incubated at 37°C
for 2 h. The liquid in each well was discarded, @ahen 100uL of Detection
Reagent A Working Solution was added to each Wék plate was covered with a
film and incubated at 37°C for 1 h. The supernatea$ discarded. Then, each
well was washed with 1x Wash buffer 3 times, 2 gach time, keeping the liquid
residue as little as possible. 100 of Detection Reagent B Working Solution was
added to each well, and the plate was covered avfihlm and incubated at 37°C
for 1 h. Washing was repeated 5 times. 90 pL ofsBate Solution was added to
each well, and the plate was covered with a filmh excubated at 37°C in the dark
for 20 min. The solution turned blue. 50 pL of S®plution was added to each
well. The resulting mixture was shaken gently angech uniformly. The solution
turned yellow, and a microplate reader was usedetd at an absorption
wavelength of 450 nm as soon as possible.

Propidium lodide (PI) staining

Pl (Cell Signaling Technology, Catalog No. 4087)svealded 15 min before
immunofluorescent staining. The mixture was co-bated in a cell incubator for
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15 min, followed by immunofluorescent staining. Tlengest excitation and
emission wavelengths of the PI/RNase staining mrluwere 535 nm and 617 nm,
respectively.

Immunofluorescent staining

The supernatant was aspirated from the cells tteaitt a drug and the like.
Next, the residue was washed with pre-cooled PB&thimes, treated with 4%
PFA, left to stand at room temperature for 30 mua #hen washed with PB-S
three times (10 min each time). Triton-X was digedlin PBS to prepare a 0.1%
Triton-X solution, and treatment was performed & min. The solution was
blocked with 10% donkey serum for 1 h. Primary laodiy: Mouse anti-Ki67 (Cell
Signaling Technology, Catalog No. 9129); Secondantibody: anti-Mouse
Alex488.

Statistical analysis

Data were processed and analyzed by GraphPad Psisftvgare. One-way
ANOVA and mean + SEM were involved, and p < 0.0di¢cated a statistical
difference.

Experimental results:

effects of d5SPAO and PAO on the viability of SH-g\®lls

The complete culture system for SH-sy5y cell limekigh-glucose DMEM
supplemented with 15% FBS. In the cytotoxicity expent, SH-sy5y cells were
cultured for 48 h and treated with different cortcations of d5SPAO and PAO for
24 h. Thiazolyl Blue (MTT) with a final concentrati of 0.5 mg/mL was added,
and the mixture was incubated for 4 h, followedpiqyetting the culture solution.
100 uL of DMSO was added to dissolve the adsorbed MTE, itesidue was
shaken for 15 min, and then the absorbance valgeraad. The results showed
that d5PAO at 6.25 nM, 25 nM, 50 nM, 100 nM and 2@ significantly
promoted the proliferation of SH-sy5y cells, whiRAO at 200 nM showed
toxicity and caused cell death after 24 h of treatimin order to further detect the
toxic effects of different concentrations of d5SPA@d PAO on SH-sy5y cells, the
effects of dSPAO and PAO on the apoptosis/death pantiferation of SH-sy5y
cells were investigated by PI staining and immuwnaiscent staining of Ki67. Pl
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(propidium iodide), as a fluorescent dye that canirtserted between DNA and
RNA bases and dyes, cannot pass through livingmelhbranes, but can pass
through damaged cell membranes to stain the nwdfleapoptotic/dead cells.
However, Ki67 is an indispensable protein in cedlliperation, and its function is
closely related to mitosis. Therefore, Ki67 is oftased to mark cells in the
proliferation cycle, and in clinical applicationgell tumors with a high
Ki67-positive rate are generally considered to gfaster. Pl staining and Ki67
staining were performed after 24 h of treatmentwdifferent concentrations of
d5PAO and PAO. The results showed that PAO at 5Gnt¥100 nM and d5PAO
at 50 nM and 100 nM all did not significantly inase Ki67-positive rates, and
Pl-positive cells were reduced in comparison wikle tcontrol group (ctrl),
indicating that d5SPAO and PAO reduced cell apoptasi death, but did not
significantly promote cell proliferation (FIG. 5).

Example 4. Effects of dSPAO and PAO on viability ad Ap release of
stably-transformed APP (SW) HEK293 cells

The stably-transformed APP (SW) HEK293 cell linesveahuman embryonic
kidney cell line that was transfected with Sweddbuble-mutation amyloid
precursor protein (APP) 695 cDNA and carried a Gdélgction marker. Before
the cells were seeded, the plate was treated WitlhgnL poly-D-lysine (PDL)
for 24 h. The culture solution was high-glucose DMWIBupplemented with 10%
FBS, and 200ug/mL G418 was added for selection. After 48 h oltwing,
different concentrations of d5SPAO and PAO were dddend treatment was
performed for 24 h. Thiazolyl Blue (MTT) with a &h concentration of 0.5
mg/mL was added, and the mixture was incubated! foy followed by pipetting
the culture solution. 10QL of DMSO was added to dissolve the adsorbed MTT,
the residue was shaken for 15 min, and then therladénsce value was read.

In the experiments of detecting the effects of d5Pa&nd PAO on the A
release of APP(SW)HEK293 cells. After 48 h of cdtig, starvation was
performed for 24 h, and then a complete culturéesysvas used for replacement.
The cells were treated with compounds d5PAO and RA@ h, and the B level
in the supernatant of the cell culture solution dWetected by ELISA.
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Experimental results:

The stably-transformed APP (SW) HEK293 cells wesated with d5SPAO at
25 nM, 50 nM, 100 nM and 200 nM for 24 h, leadingatsignificantly increased
cell viability in comparison with the control grouprevious studies have shown
that PAO can promote the release of amyldiprotein (A3) and other proteins.
The AB in the supernatant of the stably-transformed ARPRYHEK?293 cells was
detected with an ELISA kit, and the results showed: d5PAO at 25 nM, 50 nM
and 100 nM and PAO at 25 nM, 50 nM and 100 nM sicgmtly increased
extracellular 8 contents (FIG. 6).

Example 5. Comparison of effects of other deuterate compounds on
Ap release of stably-transformed APP (SW) HEK293 cad|

Three deuterated compounds, d1PAO, d2PAO and d3RPA®AO were
selected. The culture method and administratiorhatefor APP(SW) HEK293
cells are the same as those in example 4. The growplved: a control group
(ctrl), a d5SPAO50nM treatment group, a d5SPAO100ndAtiment group, a PAO50
nM treatment group, a PAO75nM treatment group,RAd125nM treatment group,
a d1PAO50 nM treatment group, a d1PAO75nM treatrgemiip, a d2PAO25nM
treatment group, a d2PAO50 nM treatment group,RAGY5nM treatment group,
a d3PAO25nM treatment group, a d3PI0350 nM treatmgmoup and a
d3PAO75nM treatment group. The results showed thatomparison with the
control group, the extracellularpAcontents in the 50 nM and 75 nM d5PAO
treatment groups, the 50 nM and 75 nM PAO treatrgemips, the 25 nM, 50 nM
and 75 nM d1PAO treatment groups, the 25 nM, 50 aaM 75 nM d2PAO
treatment groups and the 25 nM, 50 nM and 75 nNMA@BReatment groups were
all significantly increased. By comparing the d5PB®OnNM treatment group with
other groups (except the control group), the 50 aiMd 75 nM PAO treatment
groups, the 25 nM, 50 nM and 75 nM d1PAO treatngeatips, the 25 nM and 75
nM d2PAO treatment groups and the 25 nM and 75 BMAD treatment groups
had significant differences in terms of th@ gontents in cell culture supernatants
(FIG. 7TA and FIG. 7B).

Example 6. Effects of dSPAO and PAO om-synuclein secretion
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An SH-SY5Y cell line was transfected with arsynuclein overexpression
(a-syn OE) plasmid by using the Fugene HD transfacteagent. Starvation was
performed for 24 h, and then a complete culturéesysvas used for replacement.
The cells were treated with compounds d5PAO and RAXQ4 h, and the effects
of d5SPAO and PAO on the viability of SH-syS5y celiansfected with the
a-synuclein plasmid were detected by MTT. The resudhowed that the
a-synuclein overexpression significantly decreasedviability of SH-sy5y cells,
and d5PAO at 25 nM, 50 nM, 75 nM, 100 nM and 200amd PAO at 50 nM, 75
nM and 100 nM significantly increased the viabilitgf SH-sy5y cells
overexpressingi-synuclein in comparison with the-synuclein overexpression
group. Thea-synuclein in cell supernatants was detected b¥AISA kit. The
results showed that: 50 nM d5PAO significantly eaged the-synuclein content
in the supernatant, and PAO and d5PAO showed dasitendency to increasing
a-synuclein (FIG. 8).

Example 7. Therapeutic effects of d5SPAO and PAO oGaucher disease

1. Inhibitory effects of dSPAO and PAO on CBE-inddcapoptosis or death
of SH-SY5Y cells

Conduritol Bepoxide (CBE) is an inhibitor of the &B enzyme encoded by
lysosomal glucocerebrosidase GBA genes, and is @mynused to construct cell
and animal models of Gaucher disease (GD). SH-S¥&K were treated with
CBE for 48 h, leading to a concentration-dependiearease of cell viability of
the SH-SY5Y cells (FIG. 9A). 106M of CBE was selected for subsequent
experiments. SH-SY5Y cells were treated with 100 of CBE for 24 h and
co-incubated with a certain concentration of dSRXMAO according to different
groups for 24 h. The cell viability was detected\WyT. The experimental results
showed that in comparison with the 1M CBE treatment group, the cell
viability in the 100uM CBE+25 nM, 50 nM and 100 nM d5PAO co-treatment
groups and the 10aM CBE+25 nM, 50 nM and 100 nM PAO co-treatment
groups was significantly increased (FIGs. 9B and, 9@licating that d5SPAO or
PAO have protective effects against CBE-inducedtgsis or death of SH-SY5Y
cells.
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2. Effect of PAO on reducing lysosomal storage apbmoting
glucosylceramide (GlcCer) efflux

GD is a common type of lysosomal storage diseadeethér d5SPAO and
PAO alleviate the CBE-induced lysosomal storage wasestigated by
Lyso-tracker red DND99, a lysosomal marker. Theeexpental results showed
that in comparison with the control group (ctrhetfluorescent intensity in the
100uM CBE treatment group and 1M CBE Lyso-tracker was increased (FIGs.
10A and 10B), indicating that CBE treatment leadslysosome storage in
SH-SY5Y cells. In comparison with the 1M CBE treatment group, the
fluorescent intensity of Lyso-tracker in the 0 CBE+50 nM and 100 nM PAO
co-treatment groups was significantly decreaseds¢FI10A and 10B). The
fundamental defect of GD lies in lack of the adtivof glucocerebrosidase.
However, this enzyme mainly mediates the process defcomposing
glucocerebroside into glucose and GlcCer. Thereftirte storage of substrates
such as GlcCer occurs in GD patients or CBE-treagdld. To further investigate
whether PAO has an effect on GlcCer storage in ldf5385Y cell model, the
GlcCer contents of different side chains in celtsl an the supernatants of cell
culture mediums were detected by LC-MS. The dairatesults showed that the
GlcCer concentrations of various side chains in d¢bks in the 100uM CBE
treatment group was much higher than that in th&robgroup (ctrl), and the
GlcCer concentration in the 1M CBE+50 nM PAO co-treatment group was
lower than that in the 10aM CBE treatment group (FIG. 10C). The 1,00 CBE
treatment alone reduced the GlcCer in the supertsata cell culture mediums,
while 100 uM CBE+50 nM PAO co-treatment group increased theQGst
concentration (FIG. 10D).

3. Effect of PI4Ka knockdown on promoting a reduction in lysosomal
storage

Previous studies have shown that PAO at a low cdre®n (< 5uM)
mainly acts on phosphatidylinositol 4 kinase (PH&). In order to further
investigate the effect of PAO on the target spdt<il o during fibrosis, sShRNA
interference lentivirus vectors (with green fluaest protein GFP expression
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sequence) were designed for a gene sequence Phti¢dieg Pl4Kllb protein.
The Western blot results showed that after SH-S¥BNs were transfected with
three shRNA interfering lentiviral vectors targetiiPl4Ka for 48 h, interfering
sequences shl, sh2 and sh3 all significantly dseteshe expression level of
P14KJa in the treatment groups (FIGs. 11A and 11B). Atter cells were treated
with shRNA interfering lentiviral vectors for 48 Ihe fluorescent intensity of
Lyso-tracker was observed by immunofluorescentstgi In comparison with the
sh-ctrl group, the immunofluorescent intensity g6da-tracker in the sh-ctrl+100
uM CBE co-treatment group was significantly increhse comparison with the
sh-ctrl+100 uM CBE co-treatment group, the immunofluorescenenstty of
Lyso-tracker in the sh1-Pl4Ka+1@d CBE co-treatment group was significantly
decreased (FIG. 11C). The above results indicatatl the Pl4Ka knockdown
promoted a reduction in lysosomal storage.

Example 8. Inhibitory effects of dSPAO and PAO on plmonary fibrosis

Pulmonary fibrosis (PF), as a chronic fibrotic ludgease that may be
caused by various factors, is mainly manifesteddhy cough and progressive
dyspnea. It has poor prognosis and is still diffito cure. The main pathological
feature of PF is excessive scar repair after tiséraetion of a normal lung tissue
structure, which eventually leads to respiratorsuificiency. Although research
on the pathophysiological mechanism of pulmonatyolis has made great
progress, its pathogenesis has not been fully datmd, and effective therapeutic
drugs are lacked clinically.

Human fetal lung fibroblasts, namely MRC-5 cellss anportant cell tools
for studying the pathological changes of PF anditimg development. During the
development of PF, related transcription factorshsas transforming growth
factor-1 (TGFB1l) can regulate the abnormal activation, proliferatand
migration of fibroblasts, resulting in abnormal dspion of an extracellular
matrix (ECM) and destruction of an alveolar struetuvhich eventually leads to
the formation of PF. TGPB4, as one of the key factors in PF induction, can
regulate the transformation of fibroblasts into filymblasts by binding to the
corresponding receptors. Therefore, MRC-5 cellauatally treated with a certain
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concentration of TGIBL in an experimental process to promote the devedop
of fibrosis. d5PAO and PAO are oxophenylarsine amdvariant thereof,
respectively. Preliminary studies showed that PAS the potential to inhibiting
PF.

Experimental methods:

Culture and treatment of MRC-5 cells

MRC-5 cells were purchased from the Center for Eswee in Molecular
Cell Science, the Chinese Academy of Sciences. oy to the cell culture
instructions, the cells were incubated in MEM (Gpaontaining 10% fetal
bovine serum (FBS) in a 37°C, 5% gOonstant-temperature incubator with
saturated humidity for 24 h to adhere to the witle next day, 5 ng/mL TGB1
(Proteintech Group, HZ-1011) was added, and MEM¢EG) containing different
concentrations of PAO or d5PAO was added accorttimgyoups. The cells were
cultured for further 24 h according to experimemalkeds. The groups are as
follows: a control group (ctrl), a 5 ng/mL T@R- group, a 5 ng/mL TGB1+50
nM d5PAO co-treatment group (5 ng/mL TGE+50 nM d5PAO group), a 5
ng/mL TGF$1+25 nM d5PAO co-treatment group (5 ng/mL T@F25 nM
d5PAO group), a 5 ng/mL TGFE+50 nM PAO co-treatment group (5 ng/mL
TGF$1+50 nM PAO group) and a 5 ng/mL TGE+25 nM PAO co-treatment
group (5 ng/mL TGH1+25 nM PAO group).

Primary culture and treatment of rat mesenchyneathtells

6-week-old Sprague-Dawley (SD) rats (Shanghai Siagierimental Animal
Co., Ltd.) were anesthetized with chloral hydraterilized with 75% ethanol, and
dissected on a super clean bench to take thearmaemur out. Two ends of the
tibia and femur were removed with a sterilized smigo expose the marrow cavity.
The marrow cavity was flushed with 5 mL of MEM caiming 10% FBS. The
flushing fluid containing the marrow was added tou#ture dish, filtered through
a 70um cell strainer and centrifuged at 2000 rpm fori8.rnfihe supernatant was
removed, and the cells were resuspended in MEMagung 10% FBS. After the
cells were seeded to a plate, the plate was inedbat a 37°C, 5% C©O
constant-temperature incubator with saturated hiynidor 6 h. Then,
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non-adherent cells were removed by means of medhange. When growing to
80% density, the cells were digested with 2.5%dyfor 1 min and passaged at a
ratio of 1 : 2. The mesenchymal stem cells for imofluorescence experiments
are seeded on a coverslip of a 24-well plate, 3WIB cells per well. When the
cell density reached 70% as observed, MEM (fre€&B%) containing different
concentrations of PAO or d5PAO was added accorttimgyoups. Next, the plate
was incubated in a 37°C, 5% g@onstant-temperature incubator with saturated
humidity for 24 h. The groups are as follows: atomingroup (ctrl), a 50 nM
d5PAO treatment group, a 25 nM d5PAO treatmentgratb0 nM PAO treatment
group and a 25 nM PAO treatment group.

Immunofluorescent staining

After MRC-5 cells were treated for 24 h, the supéant was aspirated.
Phosphate buffer saline (PBS) was added for wasldingimes, and 4%
paraformaldehyde (PFA) was added. The resultingurexwas left to stand at
room temperature for 30 min. 4% PFA was discardéen, PBS was added for
washing 3 times, 10 min each time, and 0.3% noreidetergent Triton-X (in
PBS) was added. The resulting mixture was leftéand at room temperature for
30 min. 0.3% Triton-X was aspirated. PBS blockindfér containing 10% goat
serum (GS) was added. The mixture was left to sthmdom temperature for 1 h.
A primary antibody was incubated overnight at 4tQe(primary antibody was
diluted with 10% GS blocking buffer at 1 : 2G3,Smooth Muscle Actin (rabbit
anti-a-Smooth Muscle Actin, Cell Signaling Technology 2#49), and the
Calponinl dilution ratio was 1 : 100).

The next day, PBS was added for washing 3 timesmitDeach time. A
secondary antibody Alexa Flour555 goat-anti-ralidp@ (Molecular Probes) was
incubated, diluted with blocking buffer at 1 : 50Gnd 1 ug/mL
4'.6-diamidino-2-phenylindole (DAPI) was added) eTiesulting mixture was left
to stand at room temperature for 2 h. PBS was aftifegashing 3 times, 10 min
each time. A mounting medium was used to adherectiverslip to the slide,
followed by observation under a microscope. The umailuorescent staining
process of bone marrow mesenchymal stem cellsiveasaime as above.
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Western blot experiment:

1) a cell culture dish was placed on ice, the sugtant was aspirated, and
the cells were washed with pre-cooled PBS 3 times;

2) a cell lysate was added at 1gD/well, and the cell culture dish was
horizontally placed on ice for 30 min;

3) the lysate was scraped away by using a celpscrand collected into a
1.5-mL EP tube;

4) centrifugation was performed at 15000 g for 1if,the supernatant was
collected into a new EP tube, & of samples was taken for protein content
detection (BCA method), and 1/4 (volume) of loadimgffer was added to the
remaining lysate;

5) the resulting mixture was boiled in water famb;

6) 10% SDS separation gel was prepared, and stagkinvas prepared,;

7) proteins of different molecular weights wereaaped by SDS-PAGE gel
electrophoresis;

8) wet transfer buffer was prepared, and a Qu#5PVDF membrane was
used for a membrane transfer experiment;

9) 5% skim milk was added for blocking at room temgture for 1 h;

10) after washing, a primary antibody was incubaiied®C overnight;

11) the next day, a TBST solution was added forhivas 3 times, a
secondary antibody was incubated and then placedoat temperature for 2 h;
and

12) an ECL developer was added for color develgmng GE was added.

Enzyme-linked immunosorbent assay: Human Collagfpe TELISA Kit

8 samples in total, include: a control group (¢c&lb ng/mL TGH1 group, a
5 ng/mL TGFB1+50 nM d5PAO co-treatment group (5 ng/mL TEEH50 nM
d5PAO group), a 5 ng/mL TGFL+25 nM d5PAO co-treatment group (5 ng/mL
TGF$1+25 nM d5PAO group), a 5 ng/mL TGHR-+50 nM PAO co-treatment
group (5 ng/mL TGH1+50 nM PAO group) and a 5 ng/mL TGE+25 nM PAO
co-treatment group (5 ng/mL TGRA+25 nM PAO group).

The Human Collagen Type IELISA Kit was purchasednfr Novus
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Biologicals (Catalog No. NBP2-30102), and the failog experimental steps
were performed according to the instructions:

1) standard curve samples (4000 pg/mL, 2000 pg/b@lQ0 pg/mL, 500
pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL and O pgjmlere prepared by using
Standard Diluent;

2) 100 uL of samples to be tested (3 replicate wells) @ndard curve
samples were added to each well, and the platesealed with a sealing film and
incubated at 37°C for 2 h;

3) the supernatant was aspirated, and no washiagegaired;

4) 100puL of Detection Reagent A solution was added to eaeh, and the
plate was sealed with a sealing film and incubate®l7°C for 1 h;

5) the supernatant was discarded, ghf 1xWash solution was added to
each well for washing in an oscillator for 2 mingdathe plate was reversely placed
on dust-free paper to remove the supernatant lpirtgpand then consecutively
washed 3 times;

6) 100uL of Detection Reagent B solution was added to eeelh and the
plate was sealed with a sealing film and incubate®i7°C for 30 min;

7) the supernatant was discarded, gh0of 1xWash solution was added to
each well for washing in an oscillator for 2 mingdathe plate was reversely placed
on dust-free paper to remove the supernatant lpirtgpand then consecutively
washed 5 times;

8) after that, 9QuL of TMB substrate was added to each well, theidiqo
the plate gradually turned blue, and the plate semed with a sealing film and
left to stand at room temperature for 10 min;

9) 50uL of Stop solution was added to each well, andlithed in the plate
turned yellow; and

10) a microplate reader was used to read at anm@hlsowavelength of 450
nM, and data was analyzed.

Construction and treatment of ShRNA lentivirus wvect

An shRNA lentiviral vector forPl4Ka interference was designed and
produced by Genomeditech (Shanghai) Co., Ltd. Vaoformation: pGMLV-SC5
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The following target spots were designed:

TargetSeq
sh-ctrl TTCTCCGAACGTGTCACGT
shl GCTGATCTCTACTACACTTCC
sh2 GGTTATCACCGGAAATCAATA
sh3 GCAACATTATGCTGGACAAGA

The MRC-5 cells were incubated in MEM containing%d @etal bovine
serum (FBS) in a 37°C, 5% GQ@onstant-temperature incubator with saturated
humidity for 24 h to adhere to the wall. The neal,dthe lentiviral vector was
added at luL/well according to groups. 24 h later, 5 ng/mL T@Fwas added
according to groups, and the mixture was co-incdbé&tr 24 h. The proteins were
collected for Western blot experiments or immunoféscent staining.

Statistics

Fluorescent intensity processing was performed 9gguimage J software,
data processing and statistics were performed ioyg @raphPad prism 5 software,
and the data were expressed as mean + standardethe mean (mean + SEM).
The differences between the groups were comparddaaalyzed by one-way
ANOVA, and p < 0.03 indicated a statistical diffece.

Experimental results:

MRC-5 cells were treated with MEM (free of FBS) taining 5 ng/mL
TGF$1 for 24 h and treated with different concentragiasf d5SPAO or PAO
according to groups. In comparison with the congpalup, TGFB1 used alone or
in combination with a certain concentration of d&PAr PAO did not cause
significant cell death or apoptosis (FIG. 1&smooth muscle actirm{SMA) and
actin-binding protein (Calponinl) are markers ofafilyroblasts. To investigate
whether d5PAO and PAO have regulatory effects dmpnoary fibrosiso- SMA
and calponinl were separately detected. The Weddilminexperiment results
showed that: in comparison with the control groajl), the expression level of
a-SMA in the 5 ng/mL TGF$1 treatment group was significantly increased,
indicating that MRC-5 cells treated with 5 ng/mLF@1 for 24 h lead to cellular
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fibrosis, while d5PAO at 25 nM, 50 nM and 100 nMIdPAO at 50 nM and 100
nM significantly inhibited thei-SMA overexpression induced by 5 ng/mL TGE-
In a dose-dependent relationship (FIGs. 14A and)l14Bhe Western blot
experiment results of calponinl were similar to #im®ve results ofi-SMA. In
comparison with the ctrl group, the expression ll@feCalponinl in the 5 ng/mL
TGF- B1 treatment group was significantly increased, tredexpression level of
Calponinl in a certain concentration of d5PAO orORA ng/mL TGF-f1
co-treatment groups was significantly higher thiaat tin the 5 ng/mL TGFB1
treatment group (FIGs. 14A and 14C). In additidre immunofluorescence assay
results were also consistent with the Western riglstilts, and the expression level
of a-SMA in the 5 ng/mL TGH1 treatment group was significantly higher than
that in the control group (FIGs. 15A and 15C). Bxeression level af-SMA in
the 5 ng/mL TGH31+25 nM d5PAO, 5 ng/mL TGB1+50 nM d5PAO, 5 ng/mL
TGF$1+25 nM PAO and 5 ng/mL TGE1+50 nM PAO co-treatment groups did
not differ significantly from that in the controkaup. However, the expression
level of a-SMA in the 5 ng/mL TGH1+25 nM d5PAO, 5 ng/mL TGB1+50 nM
d5PAO, 5 ng/mL TGHB1+25 nM PAO and 5 ng/mL TGFi+50 nM PAO
co-treatment groups was significantly decreasecbmparison with the 5 ng/mL
TGF$1 treatment group (FIGs. 15A and 15C). The immwww#scence assay
results of the actin-binding protein (Calponinl)reveonsistent with the above
results ofa-SMA (FIGs. 15B and 15D). These results indicateat d5PAO and
PAO can significantly inhibit the fibrosis processMRC-5 cells that is induced
by TGFf1.

Inhibitory effects of d5SPAO and PAO on expression of Calponinl in bone
mesenchymal stem cells (bM SC)

Pulmonary fibrosis lacks effective therapeutic dragmd methods, and stem
cells have become a hot research field in therreat of pulmonary fibrosis in
recent years due to their unique biological prapsrand potential biomedical
application values. Mesenchymal stem cells (MSCsyeh become ideal
engineering cells for wound tissue repair, orgamcfion reconstruction and cell
therapy own to their advantages such as low immemiody, diverse
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differentiation potential, immune regulation, amflammatory abilities, a wide
source, easiness to culture in an isolated manndr lass ethical disputes.
Therefore, MSCs derived from rat bones were cuttumean isolated manner, and
whether d5PAO and PAO regulate the expression ¢pctianl in MSCs was
detected. The isolated MSCs were cultured in MEMt@oing 10% FBS and then
were seeded on a coverslip of a 24-well plate ia tmmunofluorescence
experiment, 3000-5000 cells per well. When the delhsity reached 70% as
observed, MEM (free of FBS) containing differentncentrations of PAO or
d5PAO was added according to groups. Next, thes plats incubated in a 37°C,
5% CQ constant-temperature incubator with saturated diynifor 24 h.
Immunofluorescence assay results showed that d5RAT® nM and 50 nM and
PAO at 25 nM and 50 nM treating MSCs for 24 h hadralency to inhibiting the
expression of Calponinl in the MSCs (FIG. 16).

I nhibitory effects of d5SPAO and PAO on secretion of collagen typel (COL1)
from MRC-5 cells treated with TGF-£1

COL1 is one of the important components of theadhular matrix. Studies
have shown that TGB1 significantly increases the secretion of COL1the
fibrosis process of MRC-5 cells. In order to furthevestigate whether d5PAO
and PAO can regulate the secretion of COL1 in thecess of inhibiting
pulmonary fibrosis, the COL1 level in the cellukuwpernatant was detected by
ELISA. MRC-5 cells were treated with MEM (free oBS) containing 5 ng/mL
TGFB1 for 24 h, and treated with different concentmagiocof d5SPAO or PAO
according to groups for 24 h. The supernatant wakeated for ELISA. The
experiment results showed that: in comparison #hth ctrl group, the COL1
concentration in the cellular supernatant in thegbnL TGF$1 treatment group
was significantly increased, and the COL1 levahia cellular supernatant in the 5
ng/mL TGF$1+25 nM d5PAO, 5 ng/mL TGB1+50 nM d5PAO, 5 ng/mL
TGF{$1+100 nM d5PAO, 5 ng/mL TGB1+25 nM PAO, 5 ng/mL TGB1+50
nM PAO and 5 ng/mL TGB1+100 nM PAO co-treatment groups was
significantly decreased in comparison with the fmgTGF{1 treatment group
(FIGs. 17A and 17B), indicating that d5PAO and Pedd inhibit the secretion of
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COL1 in an MRC-5 cell model.

Inhibitory effect of Pl 4Ka knockdown on fibrosis of MRC-5 cells

Previous studies have shown that PAO at a low cdre®n (< 5uM)
mainly acts on phosphatidylinositol 4 kinase (PH&). In order to further
investigate the effect of PAO on the target spdt<il o during fibrosis, ShRNA
interference lentivirus vectors (with green fluaest protein GFP expression
sequence) were designed for a gene sequence Phti¢dieg Pl4Kllb protein.
The Western blot results showed that after MRC-s agere transfected with
three shRNA interfering lentiviral vectors targetiiPl4Ka for 48 h, interfering
sequences shl, sh2 and sh3 all significantly dseteshe expression level of
Pl4KJa in the treatment groups (FIGs. 18A and 18B). Tneat with shRNA
interfering lentiviral vectors was performed for A8and then the expression of
Calponinl andi-SMA was observed by means of immunofluorescemista In
comparison with the vector control group (sh-ctie expression level ofSMA
in the sh-ctrl+5 ng/mL TGERBL co-treatment group was significantly increased. |
comparison with the sh-ctrl+5 ng/mL TGH- co-treatment group, the expression
level of a-SMA in the sh1+5 ng/mL TGB1 co-treatment group and the sh3+5
ng/mL TGF$1 co-treatment group was significantly decreased,the expression
level of a-SMA in the sh2+5 ng/mL TGB4 co-treatment group also showed a
decreased tendency (FIGs. 19A and 19C). The obsmmvieesults of Calponinl
are consistent with those efSMA (FIGs. 19B and 19D), which indicate that the
Pl14Ka knockdown inhibits the fibrosis of MRC-5 cells.

Example 9. Comparison of anti-inflammatory effectsof d5PAO and
PAO

Inhibitory effects of d5SPAO and PAO on release ofnflammatory factors
in murine microglial cells BV2

BV2 cells are immortalized by retrovirus-mediat@dnsfection of murine
microglial cells with v-raf/v-myc, and retain mamporphological, representational
and functional features of microglial cells. In erRments related to nervous
system inflammation, lipopolysaccharide (LPS) ismomonly used to stimulate the
BV2 cells to obtain an inflammatory cell model fure experiment. In this

55



10

15

20

25

30

experiment, LPS was used to stimulate BV2 cellslitain an inflammatory cell
model. The effects of dSPAO and PAO on the searedibinflammatory factors
such as tumor necrosis factor(TNF-0) and interleukin-6 (IL-6) were observed,
and indomethacin, a commonly used anti-inflammatdryg, was used as a
positive control in the experiment.

Cell culture and treatment

BV2 cells were cultured in high-glucose DMEM suppénted with 10%
FBS in a 37°C, 5% C&xell incubator for 48 h. The culture medium wasoged
and replaced with high-glucose DMEM (free of FBSht@ining 1ug/mL LPS
(lipopolysaccharide, purchased from Sigma, Catalg L2880). Different
concentrations of d5PAO or PAO were incubated withcells for 24 h according
to groups. The supernatant was collected and @eyed for use in subsequent
experiments. The groups are as follows: a controug (ctrl), a 1ug/mL LPS
group, a lug/mL LPS+50 nM d5PAO co-treatment groupu@/mL LPS+50 nM
d5PAO group), a ug/mL LPS+25 nM d5PAO co-treatment group y&/mL
LPS+25 nM d5PAO group), apdg/mL LPS+12.5 nM d5PAO co-treatment group
(1 png/mL LPS+12.5 nM d5PAO), adg/mL LPS+50 nM PAO co-treatment group
(1 pg/mL LPS+50 nM PAO group), a gg/mL LPS+25 nM PAO co-treatment
group (1 ug/mL LPS+25 nM PAO group), a sg/mL LPS+12.5 nM PAO
co-treatment group (tg/mL LPS+12.5 nM PAO group) and aufy/mL LPS+100
uM indometacin co-treatment group.

Mouse tumor necrosis factor alpha (TMFELISA

The mouse tumor necrosis factor alpha (TR)FELISA kit was purchased
from Signalway Antibody LLC, Catalog No. EK16997.hd& following
experiments were performed according to produd¢tunsons:

1) Diluent buffer was used to prepare standardOatg/mL, 5 ng/mL, 2.5
ng/mL, 1.25 ng/mL, 0.625 ng/mL, 0.312 ng/mL, O0.X&gmL and O.

2) Detection Reagent A and Detection Reagent B wently oscillated, and
Diluent buffer was used to dilute Reagent A andgee&aB to 1/100 of the mother
liquor to reach a working solution concentration.

3) Wash solution was diluted with deionized waterl{30 of the mother
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liquor to form a working solution.

4) 100pL of samples to be tested or standards were addeddah well, and
the plate was sealed with a sealing film and intedbat 37°C for 2 h;

5) the supernatant was removed, and no washingegasged,;

6) 100uL of Detection Reagent A working solution was adteeach well,
and the plate was sealed with a sealing film andhbated at 37°C for 1 h;

7) the supernatant was discarded, 8D®f Wash solution working solution
was added for washing 3 times, standing for 2 naicheime, and then the plate
was reversely placed on absorbent dust-free papenove the Wash solution as
much as possible;

8) 100uL of Detection Reagent B working solution was adteéach well,
and the plate was sealed with a sealing film andhbated at 37°C for 1 h;

9) the plate was washed 5 times according to thtbadean step 7);

10) 90 uL of Substrate solution was added to each well,litnad turned
blue as observed in the plate, and the plate waledevith a sealing film and
incubated at 37°C in the dark for 20 min;

11) 50 uL of Stop solution was added to each well, the bigeid turned
yellow as observed in the plate, the plate wasedeaith a sealing film, and the
resulting mixture was rotated and shaken usingaeshand mixed uniformly for
10 min; and

12) the absorbance value of the sample at a waytbleri 450 nM was read
by using a microplate reader (NOVOstar liquid tfansype microplate reader).

Mouse IL-6 ELISA experiment

The mouse IL-6 ELISA kit was purchased from Prdsh group, Catalog
No. KE10007. The following experiments were perfedraccording to product
instructions:

100 puL of standard curve samples or test sampleackt concentration was
added to the corresponding wells of an assay ptht®mogen blank wells were
reserved; and a cover film was placed in a humiagfybox, and the plate was
incubated at 37°C for 2 h. 350 uL of Wash Solutiaas added to each well for
washing 4 times, 1-2 min each time, keeping thaidigesidue as little as possible.
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100 pL of Diluent Antibody Solution (Detection Abtidy Solution) was added to
each well; and a cover film was placed in a hurgidd box, and the plate was
incubated at 37°C for 1 h. Washing was repeatenindst 1-2 min each time,
keeping the liquid residue as little as possible0 JuL of HRP-Conjugate
Antibody was added to each well; and a cover filaswlaced in a humidifying
box, and the plate was incubated at 37°C for 40. Miashing was repeated 4
times, keeping the liquid residue as little as fdss 100 puL of TMB Substrate
Solution was added to each well, and the plate ema®red with a film and
incubated at 37°C in the dark for 15 min. The sofuturned blue. 100 uL of Stop
Solution was added to each well, and the mixture sleaken gently and mixed
uniformly. The solution turned yellow, and the NOM@r (liquid transfer type)
microplate reader was used to read at an absonpaerlength of 450 nm as soon
as possible.

Statistics

Data processing and statistics were performed IyguSraphPad prism 5
software, and the data were expressed as meandastierror of the mean (mean
+ SEM). The differences between the groups werepemed and analyzed by
one-way ANOVA, and p < 0.03 indicated a statistoh#fierence.

Experimental results

BV2 cells were cultured in high-glucose DMEM suppénted with 10%
FBS in a 37°C 5% Cg£xcell incubator for 48 h, and then the culture roedwas
removed and replaced with high-glucose DMEM (frdeF8S) containing 1
ug/mL LPS. The cells were co-incubated with différeancentrations of d5PAO
or PAO for 24 h, the supernatant was collected,thacconcentrations of IL-6 and
TNF-a in the culture mediums were detected by meand 84 (enzyme-linked
iImmunosorbent assay). The experimental results stidhat in comparison with
the control group (ctrl), the concentrations ofdland TNFe in the supernatant of
BV2 cells in the 1ug/mL LPS treatment group were significantly incess
indicating that the treatment of BV2 cells withug/mL LPS promoted the release
of inflammatory factors (FIGs. 20A to 20D). In coangon with the Jug/mL LPS
treatment group, the 1QM positive drug (indomethacin) significantly inhiéd
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the secretion of TNfe- (FIGs. 20A to 20B). Similar to the results of ghesitive
drug, the concentrations of TNFin the supernatant in theuy/mL LPS+12.5 nM,
25 nM and 50 nM d5PAO co-treatment groups, and thg/mL LPS+12.5 nM, 25
nM and 50 nM PAO co-treatment groups were signifilyareduced in comparison
with the 1pug/mL LPS treatment group, indicating that dSPAO &% can
inhibit the LPS-induced release of TNEThe ELISA results of IL-6 showed that
treatment with a certain concentration of d5SPAO &4 had a tendency to
inhibiting the LPS-induced secretion of IL-6 fronVB cells (FIGs. 20C to 20D).
The above experiments showed that a certain comtem of dSPAO and PAO
can inhibit the LPS-induced release of inflammafawtors from BV2 cells.

Example 10. Comparison of anti-tumor effects of d5®0 and PAO

1. Pharmacodynamic experiment of PAO and d5PAQuomot cell model

Experimental method

Cell plating:

a complete medium was prepared and mixed uniforifivawed primary
tumor cells (Shanghai ChemPartner) were passageabfut two generations to
select cell lines with good growth conditions. Cadlhering: the culture medium
was aspirated, trypsin was added for washing, th&teMiquid was discarded, and
3 mL of fresh trypsin was added to a culture flémkdigestion. When the cells
were about to detach from a flask wall, 8 mL of péete mediums were added to
stop digestion with trypsin , followed by gentlexmig. The cell suspension was
pipetted into a centrifuge tube with a pipette @edtrifuged at 1000 rpm for 4
min. Cell suspending: the cell suspension was f@gdahto a centrifuge tube and
centrifuged at 1000 rpm for 4 min. The supernatzad discarded. An appropriate
volume of culture medium was added to the centeftupe, and the cells were
resuspended uniformly by means of gentle blowinge €ells were counted by
using the Vi-Cell XR cell counter. The cell suspenswas adjusted to an
appropriate concentration.

Preparation and addition of compound plate

Compounds to be tested: a 10 mM solution of comgsun DMSO was
prepared, and compounds PAO and d5PAO were dilateda 0.5 mM solution in
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DMSO. The compounds were added to the corresporadifigvells by using an
HPD300 instrument and incubated in a;&@@ubator for 72 h.

Reagent preparation and testing

CellTiter-Glo Buffer was melted at room temperatuiiéhe lyophilized
CellTiter Glo substrate was equilibrated to roomperature. CellTiter-Glo Buffer
was added to the CellTiter Glo Substrate and fodlyed uniformly. A cell plate
was taken out and equilibrated to room temperatl06.microlitres of uniformly
mixed CellTiter Glo reagent was added to each vealtl the mixture was shaken
in the dark for 10 min, followed by incubation f© min. A culture plate was
placed into the Envision reading plate, and theimaiscence reading results were
recorded. The inhibition rate was calculated adogrdo the following formula:
inhibition rate (%) = (1-(RLU compound-RLU blani®(U DMSO-RLU blank))
x 100%. A pharmacodynamic inhibition rate curve wésted by using XLFit,
and the IC50 value was calculated. The 4-parametedel [fit =
(a+((B-A)/(1+((C/x) ~ D)))] was used.

Experimental results:

as shown in table 5 below, both d5PAO and PAO hadbitory effects on
the tumor cells tested, and their inhibitory effe@Gso) were similar. The 16 of
d5PAO was slightly low. They had the strongesthitbry effects on U2-OS and
A-375 cells, with the Ig less than 50 nM, and had relatively strong inbifyit
effects on HelLa, SK-HEP-1, Daudi, EL4, HL-60, Jurk&lone EG6-1 and
NAMALWA cells, with the 1Go of 50-100 nM. The inhibitory effects on A-431
cells were the weakest, with thes§@f about 300 nM. However, the JCwas
100-200 nM for other cells. In comparison with PA@iginal compound) and
d5PAO (pentadeuterated compounds), the effectimbitron concentration of the
monodeuterated compound d1PAO on most tumor celtsgreater than 200 nM,
indicating that the inhibitory effect of the monatierated compound on tumor
cells was not as good as that of PAO and d5PAO.
Table 5. List of inhibitory effects of d5SPAO and ®4n tumor cells (cultured for

72 h)

Cell line PAO d5PAO d1PAO Paclitaxel
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ICs0 (NM) | ICs0 (NM) | AbsIGso (NM) | ICs0 (NM)
HelLa Cervical cancer 87.01 87.78 > 200 10.66
SK-HEP-1 Liver cancer 85.73 83.09 4.69
MCF7 Breast cancer 137.09 151.95 > 200 23.36
MDA-MB-231 Breast cancer 105.55 106.42 > 200 > 1000
A549 Lung cancer 216.39 225.21 > 200 3.95
NCI-H1299 Lung cancer 116.97 120.8% > 200 17.69
HT-29 Colon cancer 175.72 168.06 > 200 4.19
A-431 Skin cancer 344.36 312.71 > 200 3.08
NCIN87[N87] Gastric cancer 161.28 153.93 > 200 7.76
HCC827 Lung cancer 180.53 179.63 > 200 5.88
EL4 T-cell ymphoma 60.22 52.68 55.00
Daudi Leukemia 63.42 59.30 97.66 4.71
U-20S Osteosarcoma 49.51 48.49 71.17 16.7)7
Jurkat, Clone
Leukemia 93.01 91.06 3.83
E6-1 175.35
K-562 Myeloma 51.92 52.10 6.53
HL-60 Leukemia 49.94 51.14 > 200 2.82
SK-OV-3 Ovarian cancer 207.68 199.59 > 200 9.90
U-937 Lymphoma 85.09 85.79 149.63 3.97
NAMALWA Leukemia 61.09 60.73 68.66 3.66
KG-1 Myeloma 151.10 151.32 176.84 76.80
A-375 Melanoma 33.23 34.96 50.76 3.98
BxPC-3 Pancreatic cancer > 200 > 200 - -
ZR-75-1 Breast ductal carcinomg 28.54 50-100
4T1 Breast cancer 47.54 50-100
B6F10 Melanoma 20.88 <50
A20 B cell lymphoma 64.42 <50
Raji-Luc Lymphoblast 110 > 100
SU-DHL-1 Lymph node large cell 100-200 100-200
lymphoma
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LOVO Colon cancer > 200 100-200
HepG2 Liver cancer 105 100-200
NCI-H358 Non-small cell lung cancer 75.4 ~10Q
OVCAR-3 Ovarian cancer 50-100
SNU-5 Gastric cancer 100-200
LLC1 Lung cancer 162.3

2. Pharmacodynamic experiment of PAO and d5PAO oasa tumor model

Experimental animals were raised in an SPF bafaeitity at the animal
center of Beijing Biocytogen Co., Ltd. The temparatof the barrier system was
controlled to 20°C-26°C and the humidity was colfd to 40%-70%. The
light-dark cycle was shifted every 12 h. The SP&dgrgrowth and reproduction
feed was purchased from Beijing Keao Xieli Feed, Ctd. Drinking water was
acidified water (pH 2.5-3.0) which has been stezidi by autoclaving. Animals
have free access to sterile food and water

2.1 Inhibitory effect of PAO on breast cancer

Experimental methods:

Inoculation and grouping of PDX models

After the PDX tumor for inoculation grew to abo@®81000 mr?, the tumor
was taken out under aseptic conditions and place@n RPMI1640 culture
medium, non-tumor tissues such as calcificatiors secretions were removed,
and then the tumor was cut into small pieces dfoam size (3 x 3 x 3 mm) and
used for subcutaneous inoculation of a breast cdPbX model (BP1395). The
skin of the right lateral thoraxes of mice was mhscted with iodophor and cut
with a scissor to make an incision of about 3-5 mamg the tumor pieces were
inoculated subcutaneously on the right lateraldakes of the mice by using an
inoculation needle. When the mean tumor volumehea@bout 100 mimmice
with a moderate tumor volume were picked and rargodivided to 4
experimental groups according to tumor volumes, ®emper group. The
administration began on the day of grouping. Abugrs were administered orally
(P.O.) the test product PAO on the day of groupowze a day for a total of 20
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doses. Paclitaxel was administered intravenousty pnce a week for a total of 4
doses. Animals were euthanized with excess &@he end of the experiment or at
the humane endpoint.

Tumor volume: After grouping, the tumor volume waeasured by using a
vernier caliper twice a week. Before euthanasia ttimor volume was measured,
and the long and short diameters of the tumor waeasured. The volume
calculation formula is as follows: tumor volume 5 0< long diameter x short
diametef.

Weight measurement: Animals were inoculated, grdype., before the first
dose), weighed twice a week during administratiamd aveighted before
euthanasia.

Drug evaluation index:

tumor volume inhibition rate (TGY)

TGI (%) = [1-(Ti-TO)/(Vi-V0)] x 100%

(Ti: the mean tumor volume of the treatment groups day i
post-administration, TO: the mean tumor volumehef treatment groups on day 0
of administration, Vi: the mean tumor volume of #wvent control group on day i
post-administration, and VO: the mean tumor volwhéhe solvent control group
on day 0 of administration)

Tumor weight inhibition rate (TG):

at the end of the experiment, the living animalseneuthanized, and then the
tumor tissues were excised. The tumor weight wagtveel, and the tumor weight
differences of each group were calculated to furttadculate the tumor weight
inhibition rate (TGHw). The calculation formula is as follows:

tumor weight inhibition rate TGW%=(Wsowvent control groupVVireatment
group)/ Wsolvent control group< 100%, wherein W refers to a tumor weight.

Data collection and statistical analysis:

analysis was performed on the basis of the origlagd, and the results were
expressed as mean + standard error of the meam(8&M). At the same time,
the tumor volume was statistically analyzed, and @.05 indicated a statistical
difference. Both statistical and biological sigo#nce were considered when the
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results were analyzed.

Experimental results:

in the experiment, all animals had good activitg aating situations during
administration. The weights of non-tumor-bearingenivere increased to a certain
extent, and the weights of tumor-bearing mice wiereased slightly, indicating
that the animals had a good tolerance to the testupt. On day 21 after grouping
and administration, the mean tumor volume of tHeesa control group G1 was
436 + 40 mm. The mean tumor volumes of the treatment groups(f3®O, 2
mg/kg), G3 (paclitaxel, 7 mg/kg) and G4 (paclitaxélmg/kg+PAO, 2 mg/kg)
were 519 + 96 mf) 290 + 63 mrhand 162 + 26 mArespectively, and the tumor
volume inhibition rates (TG{|) were -25.7%, 44.8% and 84.1% (P = 0.01),
respectively. The results showed that the combusadof PAO and paclitaxel can
effectively inhibit the tumor growth (FIG. 21).

2.2 Inhibitory effect of PAO on lymphoma

Experimental methods:

mouse lymphoma SU-DHL-1 cells, purchased from AT@Ere cultured in
a Dulbecco's Modified Eagle's culture medium conitey 10% inactivated fetal
bovine serum in a 37°C, 5% G@cubator.

Inoculation and grouping of tumor cells:

the SU-DHL-1 lymphoma cells resuspended in PBS vgerigcutaneously
inoculated on the right side of the B-NDG humanineide, at 1 x 10cells/0.1
mL and 0.1 mL/mouse. When the mean tumor volumehe about 100 min36
mice with a moderate tumor volume were picked asmadomly divided to 6
experimental groups according to tumor volumes, Bemper group. The
administration began on the day of grouping. Thst teroduct PAO was
administered once a day for a total of 17 dosescldgphosphamide was
subcutaneously (i.v.) injected once a week fortaltof 4 doses. Animals were
euthanized with excess Gt the end of the experiment or at the humane
endpoint.

Experimental results:

in the experiment, all animals had good activitg aating situations during
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administration. The weights of non-tumor-bearingenivere increased to a certain
extent, and the weights of tumor-bearing mice wiereased slightly, indicating
that the animals had a good tolerance to the testupt. On day 17 after grouping
and administration, the mean tumor volume of thHeesa control group G1 was
3899 + 272 mrh The mean tumor volumes of the treatment groups G2
(cyclophosphamide, 50 mg/kg), G3 (PAO, 0.3 mg/Keg, (PAO, 0.6 mg/kg), G5
(PAO, 1.2 mg/kg) and G6 (cyclophosphamide, 50 mgA&0O 0.6, mg/kg) were
367 + 79 mm, 3427 + 128 mri) 3784+114 mm 3735205 mrhand 497+106
mmn?, respectively. The tumor volume inhibition rate§IF®, were -93% (**P <
0.001), 17.2%, 3%, 4.3% and 89.9% (P < 0.001*gpextively. The experimental
results of the tumor weight were also confirmed.cl@ghosphamide can
effectively inhibit the growth of lymphoma, and tkembined use of PAO and
cyclophosphamide cannot further improve the inbiyieffect (FIG. 22).

2.3 Inhibitory effect of d5SPAO on melanoma

Experimental methods:

A2058 cells were subcutaneously inoculated on itlet sides of B-NDG
mice, at 1 x 10cells/0.1 mL and 0.1 mL/mouse. When the mean tuwoarme
reached about 100 nim¥8 mice with a moderate tumor volume were picked
randomly divided to 6 experimental groups accordmgumor volumes, 8 mice
per group. The groups involved G3 (normal salinesle), G4 (d5PAO, 0.5
mg/kg), G5 (d5PAO, 1.5 mg/kg), G6 (temozolomide, 3@/kg+d5PAO, 0.5
mg/kg), G7 (temozolomide, 30 mg/kg+d5PAO, 1.5 mykgd G8 (temozolomide,
30 mg/kg). Meantime, 16 non-tumor-bearing mice waoked according to their
weights and divided equally into 2 experimental up® (8 mice per group),
namely G1 (normal saline/vehicle) and G2 (d5PAG, hg/kg). The test product
d5PAO was intragastrically administered to all gr®wn the day of grouping,
once a day for a total of 23 doses. The test ptodemozolomide was
administered 4 times a week for a total of 12 doJdéwe weights and tumor
volumes of the mice were measured twice a weeknduadministration and
observation, and the measurements were recordé&l PBl). At the end of the
experiment, the animals were euthanized, the tunwerge excised, weighed and
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photographed, and the tumor growth inhibition @&1%) was calculated.

Experimental results:

in the experiment, all animals had good activitg aating situations during
administration. The weights of non-tumor-bearingenivere increased to a certain
extent, and the weights of tumor-bearing mice wiereased slightly, indicating
that the animals had a good tolerance to the testupt. On day 25 after grouping
and administration, the mean tumor volume of tHeesa control group G3 was
2806 + 240 mh The mean tumor volumes of the treatment groupgd58A0
0.5 mg/kg), G5 (d5PAO 1.5 mg/kg), G6 (temozolomidé, mg/kg+d5PAO, 0.5
mg/kg), G7 (temozolomide, 30 mg/kg+d5PAO, 1.5 mykgd G8 (temozolomide,
30 mg/kg) were 2907 + 295 nin2180 + 312 mrf) 1064 + 164 mri) 1213 + 155
mm? and 1480 + 136 minrespectively. The tumor volume inhibition rateSIf,
were -3.7%, 23.2%, 64.5%, 58.9% and 49.1%, respytiThe experimental
results of the tumor weight were also confirmedthé end of the experiment, the
tumor tissue weights of the mice were as followd13 + 0.253 g for group G3
(vehicle/normal saline); 3.557 + 0.379 g for graag (d5PAO 0.5 mg/kg); 2.744
+ 0.459 g for group G5 (d5PAO 1.5 mg/kg); 1.413 238 g for group G6
(temozolomide, 30 mg/kg+d5PAO, 0.5 mg/kg); 1.442.251 g for group G7
(temozolomide, 30 mg/kg+d5PAO, 1.5 mg/kg); and 4.88).217 g (FIG. 24) for
group G8 (temozolomide, 30 mg/kg).

In comparison with the control group G3, temozoldenat 30 mg/kg used
alone and temozolomide at 0.5 mg/kg and 1.5 mg8egun combination with
d5PAO both had extremely significant inhibitory exfts on the growth of
subcutaneous transplanted tumor of A2058 (P < (.00l comparison with
temozolomide used alone, temozolomide used in awatibn can further enhance
the inhibitory effect.

Example 11. Comparison of anti-tumor-cachexia effés of d5SPAO and
PAO

Cancer is the second leading cause of human deadhnearly one-sixth of
global deaths are caused by cancer. Cancer is yn&iehted by means of
chemotherapy, radiation therapy, surgery, immurraghe gene therapy, hormone
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therapy and the like. At present, chemotherapyne a the most effective means.
But the main problem with chemotherapy is its ®ffects: when a chemotherapy
drug kills cancer cells, it also kills fast-growinglls in the body, including cells in
the blood, mouth, digestive system and hair fabclwhich can cause digestive
reactions, hair loss, bone marrow suppression andtibnal decline of other
systems.

Cachexia, also known as dyscrasia, is manifestegéxyeme emaciation,
weight loss, fat loss and reduced dissolution efedlal muscle and cardiac muscle,
which leads to progressive dysfunction and finatlysystemic failure and other
syndromes. Cachexia is mostly caused by severenichmwasting diseases,
including tumors, AIDS, severe trauma, post-surgelabsorption, severe sepsis
and the like. Among them, cachexia accompanyingotui® the most common
situation and also known as tumor cachexia. 31%-8FRopatients with
malignancy are accompanied by cachexia, and tleetduause of death of about
20% of tumor patients is malnutrition caused byhexta, rather than the disease
itself. Cachexia is highly correlated with pancieatancer, gastric cancer, lung
cancer and liver cancer. Cachexia directly affabis cancer treatment effect,
increases the incidence of complications, redulcesquality of life, shortens the
survival time, prolongs the treatment time andeases the medical cost.

The causes of cachexia have not been fully elusijabut recent studies
have gradually revealed various pathogenic fadtoas are released from tumor
cells or cells in the surrounding environment ohtu cells. Slowing or preventing
the development of tumor cachexia can improve ttadity of life for patients and
prolong the survival time and is the main part ofamti-cancer treatment plan.
Study on animal experimental models have shown pnatenting weight loss
during tumor development can prolong the survieér The main approach to
treat cachexia of tumor patients is to inhibit weipss and muscle loss by drugs.
So far, most of the first-line anti-cachexia drings/e very limited effects on the
prevention and treatment of tumor cachexia.

1. Effects of PAO and d5PAO on weights of healthy iwe

22 (2 month old) and 20 (6 month old) male C57B/éemwere taken to
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mouse rearing cages, 5-6 mice each cage. Among tt&if2 month old) and 10
(6 month old) mice received d5PAO in MCT at 2.1 kgglevery day, the

remaining 10 (2 month old) and 10 (6 month old)enieceived PAO in MCT at

2.0 mg/kg every day. From the first day of admnaisbn, on the first day every 4
days, all mice were weighed before administratioth the weights were recorded.
In the next 4 days, on the basis of the weightsiesponding doses of PAO or
d5PAO were given intragastrically. The number wiinig mice was recorded every
4 days.

The results are shown in FIG. 25. For 2-month-oldemn the d5PAO
(2M-d5PAO) and PAO (2M-PAO) treatment groups, threrage weights of mice
were exactly the same on the first 24 days of gas&ric administration and
gradually increased. After day 24, the mice in twe groups all lost weight,
wherein the weight loss of the 2M-PAO group wasiicantly faster than that of
the 2M-d5PAO group. On day 44-48 of administratiome mouse was died in the
group, whereas no death occurred in the 2M-d5PA@rFor 6-month-old mice
in the d5PAO (6M-d5PAO) and PAO (6M-PAQO) treatmgnbups, on day 48 of
intragastric administration, the average weightsnife in the two groups were
slowly decreased in a fluctuant manner as a whdtavever, from day 32 of
administration, the weight loss of the 6M-PAO graugs significantly faster than
that of the 6M-d5PAO group, and the two groups hotolved died mice, with 5
in the 6M-PAO group (50%) and two in the 6M-d5PAfp (20%). Therefore,
the toxicity caused by intragastric administratioh dSPAO was significantly
lower than that of 6M-PAO.

2. Effect of PAO on weight of tumor animal model

2.1 Effect of PAO on weight of breast cancer mauselel

Injection of paclitaxel can cause weight loss innais. On day 21 of
administration, the animal weight was decreasenh ft61.4% * 1.6% (the vehicle
group, relative to the average weight on day 0943% + 2.6% (the 7 mg/kg
paclitaxel group, relative to the average weightday 0, P = 0.036*). The
addition of PAO prevented the weight loss causepdnjitaxel (105.3% * 2.4%, P
= 0.187). It was worth noting that PAO itself casoaincrease the weights of
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tumor-bearing animals (106.1% * 2.5%, P = 0.128p(E6).

2.2 Effect of PAO on weight of pancreatic cancedseio

The establishment of a pancreatic cancer modeltesame as above. On
day 28 of administration, the average weight (1% 38 4.0%, relative to the
average weight on day 0) of the gemcitabine (1.2kg)gpaclitaxel (7 mg/kg)
group was not significantly different from thattbg vehicle group (99.0% + 2.2%,
relative to the average weight on day 0). Howetee, addition of PAO can
increase the weight to 116.7% = 3.9% (P = 0.082he vehicle group and the
gemcitabine+paclitaxel group, FIG. 27).

2.3 Effect of PAO on weight of lymphoma animal mbde

The establishment of lymphoma model was the sanadage. The addition
of PAO failed to further inhibit the tumor growthut can alleviate the weight loss
caused by cyclophosphamide injection. On day 1@&dwhinistration, the animal
weight was decreased from 117.4% + 1.4% (the velgobup G1, relative to the
average weight on day 0) to 104.7% + 1.6% (the Skgrcyclophosphamide
group G2, relative to the average weight on ddy €,0.01*). PAO (0.6-0.9 mg/kg)
used in combination with cyclophosphamide allevat®se weight loss caused by
cyclophosphamide (G6, 111.1% * 1.9%, P = 0.@82he vehicle group, P = 0.05
vs.the cyclophosphamide group) (FIG. 28).

2.4 Effect of dSPAO on weight of melanoma animabdelo

In comparison with healthy mice, the weights of thenor-bearing mice
were all decreased. In comparison with the tumamrbg mice in the vehicle
group, temozolomide at 30 mg/kg used alone redtitednouse weight (88% =
1.5%, relative to day 0), and temozolomide usedambination with high-dose
d5PAO (1.5 mg/kg) alleviated the weight loss (95%2%, P = 0.01vs. the
temozolomide group, P = 0.088.the vehicle group). d5PAO used alone had no
significant effect on the weights of tumor-bearargmals (FIG. 29).

Example 12. Inhibitory effects of PAO and d5PAO onHCoV229E
(influenza coronavirus)

Test compound and control compound

The control compound Remdesivir was provided by Wa¥pTec. The
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compound was prepared into 20 mM stock solutiorie @iDMSO solution. The
test sample and the control compound were test8dcahcentrations and diluted
at 2-fold or 3-fold gradient, with replicate wells.

Cell strains, virus strains and reagents

MRCS5 cells and HCoV229E strains were purchased #3iGC. The cells
were cultured in EMEM (Sigma) culture solution slgopented with 10% fetal
bovine serum (Hyclone), 1% double antibody (Hycloriés L-glutamine (Gibco)
and 1% nonessential amino acid (Gibco). The EMEM(@) culture solution
supplemented with 5% fetal bovine serum (Hyclon¥ double antibody
(Hyclone), 1% L-glutamine (Gibco) and 1% nonessgrgmino acid (Gibco) was
used as an experimental culture solution. The meagent used in this project is a
cell viability detection kit CellTiter-Glo (Promeja

Test method

MRCS cells were seeded into a 96-well assay p2a@Q0 cells per well, and
cultured overnight in a 37°C, 5% GQncubator. The following day, the
fold-diluted compound (8 concentration points, ththat 2-fold or 3-fold gradient,
replicate wells) was added, and then viruses wadedto the cells at 200TC4p
per well. A cell control (cells without compounaatment or virus infection), a
virus control (cells infected with viruses, withoabmpound treatment) and a
culture solution control (only culture solution) reeset. The final concentration of
DMSO in the culture solution was 0.5%. The cellgeveultured in an incubator
for 3 days. The cytotoxicity experiment and theiharal experiment were
performed simultaneously under the same experirheatalitions except without
virus infection. The cell viability was detected bging a cell viability assay kit
CellTiter Glo (Promega). The antiviral activity aogtotoxicity of the compound
were expressed as inhibition rate (%) of the comgdaat different concentrations
on cytopathic effects caused by viruses and vigbif?o) of MRC5 cells,
respectively. The calculation formulas are as fedio

Inhibition rate (%) = (reading value of test wellaverage value of virus
control)/(average value of cell control - averagdue of virus control) x 100

Cell viability (%) = (reading value of test wellaverage value of culture
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solution control)/(average value of cell contrchverage value of culture solution
control) x 100

Nonlinear fitting analysis was performed on theilition rate and cell
viability of the compound by using GraphPad Prisrargion 5), and the half
effective concentrations (Eg and half cytotoxic concentrations (&) of the
compound were calculated. The fitting formula isfaldows: log(inhibitor) vs.
response--Variable slope.

Results

The dose-response fitting curves of PAO and d5PA@sishown in FIG. 30.
The control compound Remdesivir showed the expeatddviral activity and
cytotoxicity.

The test results showed that the test compounds&#AalCP100 had antiviral
activity against HCoV229E, with the B£Lvalues of 55.35 nM and 47.21 nM,
respectively. The test compounds PAO and P100 batbwas toxicity to MRC5
cells, with the CG values of 256.8 nM and 317.5 nM, respectively.

Example 13. Comparison of anti-anxiety and anti-degession effects of
low-dose d5PAO and PAO

Test animals

30 male ICR mice (2 month old) were randomly didideto 3 groups after
reared for 8 weeks in a clean-grade room under alocircadian rhythm and other
conditions. The carrier, PAO and d5PAO groups vggren chronic unpredictable
multiple stimulations (CUMS), two cages a groupnige a cage.

CUMS depression modeling

CUMS depression modeling: Mice were given variousmugations
alternately every day every week, so that the curaif each stimulation given to
mice and the pattern and duration of the next détimn were unpredictable. The
stimulation and schedule of the first week werevsha table 6. The stimulation
pattern and time of each day in the table form aute 7 modules in total. From
the second week, the 7 modules were randomly piftkestimulation on Monday,
the remaining 6 modules were randomly picked fongiation on Tuesday, the
remaining 5 modules were randomly picked for statioh on Wednesday, and so
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on. If a test trial was scheduled on a certain dayropriate adjustments were
made to the stimulation for the previous two dayd eéne day of the trial.
Table 6. CUMS stimulation schedule

Time Stimulation schedule

Monday 9: 00 Clip the tall

Stop clipping the tail, place a camphor wood blauiq tilt the
12: 00
mouse cage

Remove the camphor wood block and place foreigaatbj(glass or
Tuesday 10: 00
plastic cups)

Take away food and the foreign objects, and keggihg (switch

16: 00
on)
Wednesday 9: 00 3 h of white noise
12: 00 Ice pellets (200 mL)/cage
Thursday 9: 00 Change the cage, and give whiteerforsabout 7 h
16: 00 Supply food, tilt the mouse cage, and turra flash
Friday 9: 00 Turn off the flash and clip the ta 8 h
12: 00 Supply food, and give 6 h of white noise
16: 00 Stop white noise and keep lighting at n{ghtitch on)
Saturday 10: 00 Tilt the mouse cage

16: 00 Take away water, stop tilting the mouseecagd turn on the flash

Sunday 9: 00 Supply 45°C-50°C hot water (150 mL£gag

5 Administration method
After completing the first week of CUMS stimulatiomice in the PAO and
d5PAO groups were intragastrically given solutiasfs compounds PAO and
d5PAO every day at 0.05 mg/kg/day, respectivelye Tice in the carrier group
were intragastrically given MCT (MIGLYOL812N, supgdl by 101 Oleo GmbH)
10 with a volume corresponding to the mouse weightyeday, wherein MCT was a
carrier used to prepare solutions of compounds Pa@ d5PAO. The
concentrations of solutions of PAO and d5PAO in M@3re 0.005 mg/mL.
Novelty suppressed feeding (NSF) test
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In the novelty suppressed feeding (NSF) test, there a 25 cm x 25 cm x
20 cm (length x width x height) box that is madeophque plexiglass. The box
only has an open top-end and a small platform éncémter, and a piece of mouse
feed was placed on the platform. In the test, asaomas put into the box from
any corner of the box, with its head facing theneorof the box, and allowed to
move freely for 5 min without interference, and tagency of the first feeding
within 5 min was recorded. If the mouse did notwe#hin 5 min, the mouse was
taken out, and the latency of the first feedinghef mouse was recorded as 300 s.
The length (in seconds) of the latency of the fiesiding is an index of anxiety of
mice.

Depression behavior index: Sugar water preferesste t

In the sugar water preference test, two identio#lés weighed before were
placed at a water supply place of a clean mouse, cag bottle containing water
and the other one containing an aqueous solutioh%fsucrose. In the test, a
mouse was put to the end of the clean cage away fin@ bottle, with its head
facing the opposite direction of the bottle. Theus® had free access to sugar
water or water within 1 h without interference. &ftL h, the mouse was taken out,
and the two bottles were carefully taken out andgked to calculate the weight
of sugar water and water that the mouse drinksglwhiere counted as Werand
Wsugar water€Spectively. The sugar water preference of meu¥égar watd{(\Wwater
and Waygar watgr X 100%.

Statistical methods

Statistical analysis was performed by usBigSSsoftware, and data were
expressed as mean * standard error of the m%ars(e.m.). Since it is know that
PAO has an anti-depression effect, the differemedte sugar water preference
after administration between the PAO and d5PAO psoand the carrier group
were tested for significance by means of One-tagairedttest, P < 0.05 marked
as *, P <0.01 marked as **.

Results

Three groups of mice were subjected to 3 weeks OME and were
intragastrically given carrier (MCT), PAO and d5PAs@eparations for 15 days,
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respectively, followed by the novelty suppresseebiieg test (NSF). The results
showed that only 2 of 10 mice in the vector grotgfaod, while the other 8 mice
did not eat food within the limited 5 min, wheréire latency was recorded as 300
s, and the average anxiety index of this group &% + 12 (sec). The average
anxiety indexes of the PAO and d5PAO groups weie229 (sec) and 181 + 36
(sec), respectively, which were significantly lovtkan that of the carrier group.
This indicated that low-dose (0.05 mg/kg/day) PAt a5PAO also had obvious
anti-anxiety effects, and d5PAO had more significanti-anxiety effects than
d5PAO (FIG. 31).

48 h after the three groups of mice completed tl& Nest, a sugar water
preference test was performed to detect the depredsgrees of the three groups
of mice. As shown in FIG. 27, the sugar water pexfee of the mice in the carrier,
PAO and d5PAO groups were 66% + 3.8%, 75% + 4.3% &8% + 2.4%,
respectively. The sugar water preference of the R&h@ d5PAO groups was
significantly higher than that in the carrier groupdicating that low-dose (0.05
mg/kg/day) PAO and d5PAO also had significant defression effects, and
d5PAO had a more significant anti-depression etteet PAO (FIG. 32). After the
first sugar water preference test was completesl thihee groups of mice were
further given CUMS for a total of 38 days, and thika sugar water preference
test was performed. The results showed that tharsugter preference of the mice
in the carrier, PAO and d5PAO groups were 71% #63.57% + 2.0% and 82% +
2.9% respectively; The sugar water preference®P®O and d5PAO groups was
higher than that in the carrier group, but thealdhce between the PAO group
and the carrier group was not significant, indiogitihat low-dose (0.05 mg/kg/day)
PAO and d5PAO still had anti-depression effectsg abPAO had a more
significant and stable anti-depression effect taRAO (FIG. 32).

Example 14. Study on therapeutic effects of dSPAOnal PAO on NPC

U18666A, an inhibitor of intracellular cholestetohnsport, is often used to
construct a cell model of Niemann-Pick disease §GgbdIPC).

1. Cell culture and compound treatment

SH-SY5Y cells were cultured in a complete mediumtaming high-glucose
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DMEM and 15% FBS in a 37°C, 5% GGOncubator. When cell confluence
reached 70%, 1AM U18666A (purchased from Absin (Shanghai) Biotextbgy
Co., Ltd., Catalog No. abs819512) was added, affdreimt concentrations of
d5PAO and PAO were added according to groups viekbby culturing for 24 h.

2. Filipin staining

1) the culture medium in the 24-well plate was dided, 1 mL of PBS
buffer was added and left to stand for 1 min, igaid in the 24-well plate was
discarded, and those steps were repeated twice;

2) 1 mL of 4% paraformaldehyde was added to eadh amd fixation was
carried out for 30 min at room temperature;

3) 4% paraformaldehyde in the 24-well plate wasathded, 1 mL of PBS
buffer was added, the 24-well plate was gently shakr 1 min, the liquid in the
24-well plate was discarded, and those steps vepeated twice;

4) 1 mL of 1.5 mg/mL glycine solution was addecetzh well, followed by
incubation at room temperature for 10 min;

5) the liquid in the 24-well plate was discardeagd & mL of Filipin staining
solution at a final concentration of 5@/mL (purchased from sigma Aldrich,
Catalog No. SAE0087) was added, followed by incoipain the dark at room
temperature for 1 h;

6) the liquid in the 24-well plate was discardednl of PBS buffer was
added, the 24-well plate was gently shaken for a, riie liquid in the 24-well
plate was discarded, and those steps were repgate

7) a glass slide was taken, 5 microlitres of moawgntmedium (containing
DAPI) was added dropwise to the center of the glide, a cell slide was taken
out and dried, the side on which cells grew wasgaafacing downward to cover
the glass slide, which brought the cells in fulhtzct with the mounting medium,
followed by incubation in the dark at room temperatfor 30 min.

8) observation was performed by using a laser @ahimicroscope.

Experimental results

SH-SY5Y cells were treated with M U18666A and co-incubated with
different concentrations of d5SPAO and PAO accordimggroups for 24 h, and
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observation was performed after Filipin stainingeTimmunofluorescent staining
results showed that the fluorescent intensity dipifi in the 10uM U18666A
treatment group was stronger than that in the obghoup (ctrl), indicating that
10 uM U18666A treatment led to an increase in the arhoticholesterol binding
to Filipin, that is, cholesterol storage was causedcomparison with the 10M
U18666A treatment group, the fluorescent intensityFilipin in the 10 uM
U18666A+35 nM d5PAO co-treatment group, i U18666A+70 nM d5PAO
co-treatment group, 10M U18666A+35 nM PAO co-treatment group andul\
U18666A+70 nM PAO co-treatment group was decredbéd. 33). The above
results indicated that certain concentrations d?PAd5 and PAO can inhibit the
cholesterol storage caused by U18666A.

Example 15. Effects of PAO andPl4Ka knockdown on activating
autophagy-lysosome pathway (ALP)

Previous studies showed that ALP was blocked dutivegdevelopment of
GD and other lysosomal storage diseases. SH-SYBY were treated with CBE
for 48 h and co-incubated with different concembrsg of PAO or mTOR inhibitor
rapamycin (RAPA) which were added as positive aiataccording to groups for
24 h. Western Blot or immunofluorescence assay pesiormed. The effects of
PAO and other compounds on the autophagy-lysospathlvay were studied by
observing common markers of ALP. The common mark&@3B and p62 of ALP
were detected, and the Western blot showed thaanirbH-SY5Y cell model
constructed by CBE, PAO dose-dependently promdtedekpression of LC3B
proteins and inhibited the level of p62 proteimglicating that PAO activated the
ALP pathway and activated the autophagic flux (FIG&A to 34C). The results
were similar to the positive control 500 nM RAPAI@S. 34A to 34C). The
iImmunofluorescence assay results were consistdaht tve Western blot results
(FIG. 34D). In addition, the HATPase inhibitor Bafilomycin Al (Baf-Al) is a
commonly used ALP inhibitor. By blocking ALP sigimad with Baf-Al, whether
the protective effect of compounds such as PAOI#ES5Y cells constructed by
CBE is associated with ALP can be further verifi8tH-SY5Y cells were treated
with CBE for 48 h and co-incubated with differemincentrations of PAO or 50
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nM Baf-Al according to groups for 24 h. The celllility was detected by MTT.
The experimental results showed that in companeidim the control group (ctrl),
100 uM CBE significantly inhibited the viability of SHXSY cells. In
comparison with the 100M CBE treatment group, the 101 CBE+25 nM, 50
nM and 75 nM PAO co-treatment groups significamtigreased the cell viability.
The 50 nM Baf-Al treatment decreased the protecéiffect of PAO in the
corresponding groups, which resulted in that thHewability of 50 nM Baf-Al
and 100uM CBE+25 nM, 50 nM and 75 nM 1PAO co-treatment gwas not
significantly different from that of the 100M CBE treatment group (FIG. 34E),
indicating that Baf-Al blocked the protective effeef PAO on CBE-treated
SH-SY5Y cells by inhibiting ALP signaling. The al®wvesults confirmed that
PAO activated ALP to activate autophagic flux amdreed a protective effect on
the GD cell model by means of ALP. The SH-SY5Y seafeated with shRNA
interfering lentiviral vectors were detected foe tALP pathway marker LC3B.
The results showed that: in comparison with thetshgroup, the level of LC3B
proteins was significantly increased following P&liKnockdown (FIG. 35), and
the Pl4Ka knockdown in CBE-treated SH-SY5Y cellsoalpromoted the
expression of LC3B proteins, indicating that simita results of the Pl4Ka
inhibitor PAO, the Pl4Ka knockdown also activated ALP pathway.

Example 16. Resistance of PAO and d5PAO to chemiefctor-induced
pneumonia and pulmonary fibrosis

The lung and the upper respiratory tract are $su@s and organs that most
frequently suffer from an inflammatory reaction tthe caused by various
etiologies, such as pathogens, chemical factodu@@mg drugs), foreign bodies,
physical damages, allergic reactions and autoimmuat@ormalities. The
inflammatory reaction caused is manifested by aneimse in leukocytes (such as
neutrophils, macrophages and lymphocytes) in lasalie or systemic blood and
an increase in various inflammatory factors or kytes. Pathogens include
microorganisms and parasites. The microorganisncude bacteria, viruses,
chlamydia, mycoplasma, spirochetes, fungi and tke. [Lung inflammation
sometimes may lead to fibrosis of lung tissuescivliamages lung structure and
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function and especially damages the ventilationdifidsion of oxygen.

Bleomycin is a drug or chemical that can clearlyissa pneumonia and
pulmonary fibrosis. The interstitial pneumonia gndmonary fibrosis, caused by
bleomycin, in the lungs of animals is a common nhadadiopathic pulmonary
fibrosis (IPF). IPF is a fatal disease characteriag progressive and irreversible
pulmonary fibrosis, which currently has no specifreatment method. The
curative effects of existing treatment methods rase significant. Most patients
died of progressive respiratory failure within 3y8ars following the onset of
symptoms. Although we know little about the undedy mechanisms of IPF
pathogenesis, the symbolic pathological featurekide: inflammatory reaction,
hyperproliferation of fibroblasts, and abnormal ogipon of an extracellular
matrix.

The efficacy of PAO and d5PAO on bleomycin-indugateumonitis and
pulmonary fibrosis in mice is an example of the rpfeceutical application of
PAO and d5PAO in inflammation reactions and tifsuesis.

Experimental methods:

Bleomycin induction

1. Preparation dbleomycin

Bleomycin was dissolved in normal saline, and tihalfconcentration was
adjusted according to the dose.

2. Induction method

On day 1, animals were anesthetized by inhalatidi%%6 isoflurane. Based
on weights, the animals were intratracheally giv#aomycin (2 mg/kg, the
specific volume administered was calculated androsd based on the animals'
weights).

3. Administration

The day of receiving bleomycin induction was regaraés day 1 of the test.
On day 3, animals were screened and grouped. OB dadithe test, all animals
were administered once a day until the end of ¢ése See table 7 for the specific
administration regimen.

Table 7. Grouping and administration regimen
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Concentr | Administration

Gro Administra _ Administrat
Test object | Animal ation concentration
up tion route ion regimen
mg/mL | mg/kg | mL/kg
1 | Normal groug 6 Orally taken / - 10 D8-D21, g.d
2 model group 10 Orally taken / - 10 D8-D21, q.d
3 Nintedanib 10 Orally taken 5 50 10 D8-D21, g.d
4 PAO 10 Orally taken|  0.03 0.3 10 D8-D21, qg.d
5 d5PAO 10 Orally taken  0.03 0.3 10 D8-D21, qg.d
a: MCT

4. Sample collection and analysis

On day 21, after tested for bronchial responsivepest administration, all
animals were anesthetized by inhalation of 2-5%usane, and a minimum 0.5
mL of whole blood was collected from the orbit. Thieod was anticoagulated
with EDTA-2K, and plasma was centrifuged at 1000 rat 4°C for 10 min and
stored at -80°C. After the blood samples were ct#l@ from the animals, the
animals were anesthetized with Zoletil (intraperéal injection, 25-50 mg/kg,
containing 1 mg/mL xylazine), a trachea cannula wasrted, and 0.5 mL of PBS
(containing 1% FBS) was used for a first lavagehef lungs. Another 0.5 mL of
PBS (containing 1% FBS) was taken for a secondgiavd the lungs. 10QL of
suspension was taken to count the total numbeeltsf m BALF. The BALF was
centrifuged at 300 g for 5 min at 4°C, the brondhealar lavage fluid (BALF)
supernatant free of cell masses was collected. cdheentrations of inflammatory
factors (such as TNE; IL-1P, IL-6 and IFNy) and cytokines in BALF of the
mice were detected by electrochemiluminescence moassay (a mouse Factor
X detection kit from Merck MSD, V-PLEX Proinflamnay PanellMouse Kit,
Catalog No. 15048D-X). Cell masses obtained aftentrdugation were
resuspended for smear preparation and stained avikright-Giemsa staining
solution to differentiate eosinophils, neutrophitlsacrophages and lymphocytes.
The cells were counted under a light microscope.

After lavage, the animals were euthanized via cahvlislocation. The lung
tissue was collected, the right lung was cryopreskrand the total proteins were
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extracted after homogenization. The contents dageh type |, hyaluronic acid
and a-SMA were detected by commercial ELISA kits, andthé samples were
loaded in replicate wells.

The left lung was collected and fixed in neutrahialdehyde. The left lung
of each animal was cut into three sections and dddzkin a paraffin block, so
paraffin-embedded blocks and ultrathin sectionhvatthickness of 5 microns
were prepared. After Masson's staining, histopatyiodl evaluation was
performed.

ELISA for detecting the levels of hyaluronic acitbecollagen in plasma

The hyaluronic acid and collagen type | in plasrh#éhe mice in each group
were detected according to product instructions dfyaluronic acid ELISA kit
(Mouse Quantikine ELISA Kit, Biotechne, Catalog N@HYALO) and a collagen
type | ELISA kit (Mouse Typel |I Colagen DetectiorLIBA Kit, Chondrex,
Catalog No. 6012).

Test indexes

1. Weight

In the whole test period, animals were weighed ancéhe day of modeling,
once on the day of grouping and three times a wafed grouping, and the
weights of the animals were recorded.

2.Pulmonary function test

bronchial hyperresponsiveness assay was performéegsbomice by using an
unconstrained whole-body plethysmograph (WBP) sydie determine the lung
function. First, mice received a PBS solution vexosol inhalation and then
methacholine (Mch) at 1.5625, 3.125, 6.25, 12.5a2% 50 mg/mL via continuous
aerosol inhalation, the enhanced pause (Penheatairesponding concentration
was determined, and stimulation was performed &t eancentration for 90 s. A
curve of change rate of Penh relative to a basdlicke concentration was plotted,
and the area under the curve was calculated.

3. Pathological evaluation

The left lung of each animal was cut into threetiees and embedded in a
paraffin block, so paraffin-embedded blocks andathin sections with a thickness
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of 5 microns were prepared. One section was prdgaoen each paraffin block,
and Masson staining was performed for fibrosis watabn. See table 8 for the
scoring criteria.

Table 8. Fibrosis scoring criteria

Scores Standard
1 Normal
3 Minimal fibrotic thickening
5 Moderate fibrotic thickening
7 Fibrosis with lung tissue damage (thick bundle)
8 Large fiber area, showing “honeycomb shape”

Detection of contents of collagen type |, hyaluooacid, a-SMA and ten
factors (such as TNE; IL-1p and IL-6)

The collected right lung tissue was homogenizedtesated according to the
instructions of commercial detection kits, and tlemtents of collagen type |,
hyaluronic acid and-SMA were detected. The expression of cytokineBAwF
was measured by MSD.

The BALF supernatant without cell masses was c@tedhe expression of
cytokines (the contents of ten factors such as &«NE-13 and IL-6) in BALF
was measured by MSD, and the samples were loadeglinate wells.

Test observation

The health states of the animals were observedthearage twice a day and
recorded in a log about animal rooms.

At the same time of weighing, the animal statesewsyserved by members
in the project team. Any abnormal appearance oavwieh should be recorded in
the PharmalLegacy biological test observation tabldetail. For example, if the
animal weights were significantly decreased (mbent15%) or other side effects
(such as lethargy, immobility and mental malaisejusred post administration,
such events should be reported to the client imatelyi and whether to change
the dose or administration regimen should be dssmlisvith the client.

Statistical analysis:

Test data were expressed as mean + standard drtbe onean (mean *
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S.E.M). Data were analyzed by using SPSS or Grapliygsm. The specific
analysis methods used were described in the figgends and in the notes below
the tablesP < 0.05 indicated a statistic difference.

Experimental results:

Bronchial hyperresponsiveness assay was performedsb mice by using a
WBP system. First, mice received a PBS solutionageosol inhalation and then
methacholine (Mch) at 1.5625, 3.125, 6.25, 12.5a2% 50 mg/mL via continuous
aerosol inhalation, the enhanced pause (Penheatairesponding concentration
was determined, and stimulation was performed ah eancentration for 90 s.
The percentage of Penh of each mouse at PBS drdedif concentrations of Mch
relative to a baseline was calculated. The resutsshown in table 9. A curve of
change rate of Penh relative to a baseline-Mcheamnation was plotted (FIG. 36),
and the area under the curve was calculated (T&blerhese results indicated that
PAO and d5PAO can well improve the damage of timg lfunction caused by
pulmonary fibrosis, wherein the effect of dSPAGNger than that of PAO.

10 inflammatory factors (such as TNE4L-18 and IL-6) and cytokines in
BALF of animals of each group were detected by tedebemiluminescence
Immunoassay. As shown in table 11, both PAO and\@6bRad inhibitory effects
on the up-regulation of IFN; IL-1B, IL-2, IL-5, IL-6 and TNFe, and especially
had strong inhibitory effects on the up-regulaidrL-6.

The BALF cells of mice in each group were usednear the slide, stained
by a Wright-Giemsa staining solution to distinguishsinophils, neutrophils,
macrophages and lymphocytes and counted undeht&rigroscope. The total
count results of the 4 types of cells in each gratg shown in table 9, and the
respective count results of the 4 types of cellsanoh group are shown in FIG. 38.
It was shown that PAO and d5PAO have differenthitbry effects on the total
number of inflammatory cells caused by pulmonabydsis and on the increase of
4 types of inflammatory cells, and especially haxmificant inhibitory effects on
the increase of neutrophils.

Pulmonary fibrosis was often accompanied by elevéteels of hyaluronic
acid and collagen in the blood. Therefore, the llevad hyaluronic acid and
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collagen in plasma were tested by ELISA. Some tesuére shown in FIG. 39

and FIG. 40, indicating that PAO and d5PAO haveibitdry effects on the

increase of plasma hyaluronic acid and collagerse@dby pulmonary fibrosis,

wherein the inhibitory effect on the increase ollayonic acid is obviously higher
5 in comparison with the positive control drug (nohdeib).

Table 9. Percentage of enhanced pause (Penh) oshdyamethacholine relative to

a baseline
Grouping of Methacholine (mg/mL)
mice PBS | 1.563| 3.125 6.25 12.5 25 50
Normal 120+ | 132+ | 150+ | 177+ | 190+ | 289 +
358 = 29
group (6) 10 13 14 14 16 45
Y%basel
Model 166+ | 173+ | 214+ | 213+ | 357
ine 140+ 7 643 + 77
group (10) 13 15 24 15 38
Penh
Nintedanib 121+ | 142+ | 219+ | 254+ | 352
Mean 109 £ 8 490 + 115
group (10) 12 16 37 39 50
+ SEM
PAO group 150+ | 189+ | 203+ | 264+ | 285+
127 +8 431 £ 126**
(20) 18 26 30 46 49
d5PAO 127+ | 152+ | 179+ | 208+ | 233+ | 312+
383 + 95**
group (10) 19 28 29 37 41 48

Two-way ANOVA, ## < 0.001vs.the normal group; < 0.01 and™ < 0.001
vs.the model group.
10 Table 10. Area under the curve of change rate ohPelative to a baseline-Mch
concentration (AUC)

Group AUC of penh value Inhibition rate
Normal group (6) 13166 --
Model group (10) 18522 --

Nintedanib (10) 16732 9.67%
PAO group (10) 14921 19.45%
d5PAO (10) 14549 21.45%

Table 11. Contents (pg/mL) of inflammatory factarsl cytokines in
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bronchoalveolar lavage fluid (BALF) of animals iach group

Factors Normal Model group Positive drug PAO (10) d5PAO (9)
group (6) (10) group (10)
IFN-y 0.07+£0.01 0.08 £ 0.00 0.13+0.05 0.07+0.00 07G:0.01
IL-10 1.87 £ 0.09 2.4+0.23 2.17 +0.16 219+0.1 2.37+0.24
IL-12p70 | 31.39 + 2.27 23.31+1.03 25.09+1.1p 3P3252| 24.32+2.41]
IL-18 0.36 +£0.02 0.77+£0.14 1.24+0.34 0.71 +£0.12 0.73+0.1%
IL-2 0.30 +£0.02 0.31 +£0.02 0.31 +0.04 0.30 +0.0 0.29 +0.04
IL-4 0.28 +0.02 0.22 +0.01 0.24 +£0.01 0.23+0.0 0.23 +0.02
IL-5 0.52 +0.07 1.64 +0.61 5.67 +3.38 1.57+0.27 1.20 £ 0.27
IL-6 9.69+0.81 | 290.24 +251.49371.98 + 216.68 34.59 +6.64| 82.83 +49.05
KC/GRO | 3.13+0.62 7.97 +0.99 9.01 +1.89 7.15 +1.00 11.45+3.41
TNF-o 0.61 +0.06 551+0.81 3.83+0.61 5.16 £ 0.79 4.82 +0.92

It should be apparent to a person skilled in thetlaat although specific

embodiments of the present invention are descrim@in for the purpose of

illustration, various modifications can be mader¢he without departing from the

spirit and scope of the present invention. Theesfthre specific embodiments and

examples of the present invention should not batcoed as limiting the scope of

the present invention. The present invention isitéich only by the appended

claims. All documents cited herein are incorporatedein by reference in their

entirety.
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Claims

1. A compound of formula | or a pharmaceuticallgegatable salt thereof,

O\\As

R2 R!
R* R?
RS
formula (1)
wherein R, R?, R, R* and R are independently selected from hydrogen,
10 deuterium, halogen, methyl, mono-deuterated metlliyfjeuterated methyl or
tri-deuterated methyl, and at least one éf R, R®, R* and R is deuterium or
deuterated methyl.
2. The compound or the pharmaceutically acceptditehereof according to
claim 1, wherein R R?, R®, R* and R are independently selected from hydrogen
15 or deuterium, and at least one, at least two, aatem@bly at least three, four or
five of R, R, R®, R*and R are deuterium.
3. The compound or the pharmaceutically acceptditeahereof according to
claim 2, wherein the compound Is selected fronglrmlp consisting of:

@5@55@
LG @@gﬁﬁ
@@ﬁﬁﬁ

4.Use of the compound or the pharmaceutlcally [@ebtde salt thereof
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according to any one of claims 1 to 3 in the prafpan of a drug for preventing or
treating a disease or pathological reaction inbgesi.

5. The use according to claim 4, wherein the deséaselected from a tumor,
cachexia such as malignancy or cachexia causedchgmotherapeutic drug for
treating tumor, Alzheimer's disease, a diseasetekl#o intracellular protein
misfolding, a lysosomal storage disease, an inflatony reaction, tissue and
organ fibrosis, an infectious disease caused bgua @nd neurosis.

6. The use according to claim 4, wherein the subjgca human or a
non-human mammal.

7.The use according to claim 5, wherein the tunsorselected from
lymphoma, cervical cancer, liver cancer, breastcearsuch as triple negative
breast cancer, lung cancer such as non-smallwaj tancer or small cell lung
cancer, colorectal cancer, gastric cancer, skincerarsuch as melanoma,
osteocarcinoma, osteosarcoma, myeloma, leukenugasran cancer.

8. The use according to claim 5, wherein the dseakted to intracellular
protein misfolding is Parkinson's disease, Lewyybddmentia, multiple system
atrophy, inclusion body myaositis, frontotemporafrekntia, Huntington's disease, a
polyglutamine disease, amyotrophic lateral sclerosia prion disease.

9. The use according to claim 5, wherein the lyswdostorage disease is a
sphingolipid metabolism disorder such as Gauchegatie, Niemann-Pick disease
type C, mucopolysaccharidosis, a glycogen storgggasde, a glycoprotein storage
disease, a lipid storage disease, post-translatiowaification deficiency, an
integral membrane protein deficiency disorder, aral ceroid lipofuscinosis or a
disorder of lysosome-related organelles.

10. The use according to claim 5, wherein the imffeatory reaction is
manifested by an increase in inflammatory factoichsas TNFe or IL-6 in local
tissue or systemic blood.

11. The use according to claim 5, wherein the éssod organ fibrosis is
selected from pulmonary fibrosis or hepatic fibsosi

12. The use according to claim 5, wherein the viagnprises a
coronavirus and a non-coronavirus, and preferably, coronavirus is selected
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from avian infectious bronchitis virus, porcine éganic diarrhea virus, porcine
transmissible gastroenteritis virus, porcine herh#&g@ting encephalomyelitis
virus, porcine delta coronavirus, canine respisatmronavirus, mouse hepatitis
virus, feline coronavirus, human coronavirus, sevacute respiratory syndrome
virus, Middle East respiratory syndrome virus owelocoronavirus, and the
non-coronavirus is selected from hepatitis C vousilV.

13. The use according to claim 5, wherein the r@siris selected from
neurasthenia, anxiety, depression or mania.

14. The use according to any one of claims 5-18hén comprising
administering a second agent to a subject in nes@of.

15. The use according to claim 14, wherein theadieas selected from a
tumor, and the second agent is an agent for tgeatimor, wherein the disease is
selected from pulmonary fibrosis, and the secorehtags an agent for treating
pulmonary fibrosis, such as a vascular endothghaivth factor receptor tyrosine
kinase inhibitor, preferably nintedanib.

16. The use according to claim 15, wherein the m@@pent is an agent
for treating tumor, and the agent for treating tumcselected from at least one of
paclitaxel, gemcitabine, cyclophosphamide and tetaozide.

17. The use according to claim 14, wherein the aamd or the
pharmaceutically acceptable salt thereof accortbngny one of claims 1 to 3 is
administered prior to, subsequent to or conculyewith administration of the
second agent.

18. A pharmaceutical composition, comprising thempound or the
pharmaceutically acceptable salt thereof accortbremy one of claims 1 to 3 and
a pharmaceutically acceptable carrier.

19. The pharmaceutical composition according taencla8, wherein the
pharmaceutical composition further comprises a dlougreating tumor.

20. The pharmaceutical composition according tancld9, wherein the
drug for treating tumor is selected from at leas¢ @f paclitaxel, gemcitabine,
cyclophosphamide and temozolomide.

21. A method for preparing the compound or the mpiageutically
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acceptable salt thereof according to any one amelal to 3, comprising the
following steps:

NH 1) concentrated Oy, ,OH NaHsOghydrochloric  Ospg

. J 7/ X
= " hy.drochlorlc ] AS\OI—Q acid and SO, s "
acid ,NaNO, R R" ki, MeOH
—» »
R4 R? 2)NayCOj As;03 R4 R2 R4 R2

R3 CUSO4, Hzo R3 R3

1) adding concentrated hydrochloric acid and areaqgs solution of sodium
nitrite sequentially to an aqueous solution of iarilor a salt thereof that has a
structure corresponding to formula (1) at 0-10°@d anaintaining the temperature
below 5°C;

2) heating an aqueous solution of sodium carboratenic trioxide and
copper sulfate to 90°C-100°C and then cooling tipgeaus solution, adding the
solution prepared in step 1) to the cooled aqusoligion, stirring and filtering
the resulting mixture, adjusting a pH value of ladte by adding an acid, and
separating the precipitated solid; and

3) stirring the precipitated solid, potassium iagidodium hydrogen sulfite
or hydrochloric acid and sulfur dioxide in methanalil the reaction is complete,
and then performing post-treatment to obtain thepmund.

22. Use of oxophenylarsine and a derivative theiretlie preparation of a
drug for preventing or treating tissue and orgarosis such as pulmonary fibrosis
or hepatic fibrosis.

23. Use of oxophenylarsine and a derivative theirediie preparation of a
drug for preventing or treating an inflammatory atian, wherein the
inflammatory reaction is manifested by an increasmflammatory factors such
as TNFe or IL-6 in local tissue or systemic blood.

24. Use of oxophenylarsine and a derivative theirediie preparation of a
drug for preventing or treating cachexia such asgmancy or cachexia caused by
a chemotherapeutic drug for treating tumor.

25. Use of oxophenylarsine and a derivative theiretiie preparation of a
drug for preventing or treating tumor.

26. The use according to any one of claims 22 tp \@berein the

88



10

15

20

25

30

oxophenylarsine and the derivative thereof havéructsire of formula (Il) or a
pharmaceutically acceptable salt thereof,

As”
X

-,
-

(R%n

formula (1)

wherein (a) R is each independently selected from H, halogéino,n
cyano, hydroxyl, amino, carbamoyl, C1-6 alkylsufiur C1-6 alkyl, C1-6
cycloalkyl, C2-6 alkynyl, C2-6 alkenyl, C1-6 alkgx¥C1-6 haloalkyl, C1-6
alkylene-NH2, C1-6 alkylene-NH-C(O)H, -As(O), -N=NN-(C1-6 alkyl)amino,
N,N-(C1-6 alkyl)2amino, -NH-C(O)H, -NH-S(O)2H, -CjJOH, -OC(O)H, -SH,
-S(0)2H, -S(0)2-NH2 or heterocyclyl and is optidpaubstituted with Ror R,
wherein the Rand R are each independently selected from amino, Clikad, a
C1-6 alkoxy, C1-6 haloalkyl, N-(C1-6 alkyl)amino;(§-12 membered aryl)amino,
N,N-(C1-6 alkyl)2amino, C3-6 cycloalkyl, 6-12 meméd aryl or 3-12 membered
heterocyclyl and are optionally substituted withreaor more of halogen, nitro,
cyano, hydroxyl, amino, carbamoyl, -NH-C(O}*R-C(O)OR, 6-12 membered
aryl, C1-6 alkyl, C2-6 alkynyl, C2-6 alkenyl, Cla&koxy, C1-6 haloalkyl, 3-6
membered heterocyclyl, C3-6 cycloalkyl or Bn-O-,emtin the Ris C1-6 alkyl
and is optionally substituted with one or more afdgen, nitro, cyano, hydroxyl,
amino, carbamoyl, 6-12 membered aryl, C1-6 alky;8alkynyl, C2-6 alkenyl,
C1-6 alkoxy, C1-6 haloalkyl, 3-6 membered heterbdydC3-6 cycloalkyl or
Bn-O-, wherein the R is selected from H, C1-6 alkyl, C2-6 alkynyl, Ci&enyl,
C1-6 alkoxy or C1-6 haloalkyl; and/or

(b) R on two adjacent carbon atoms forms a 5-12 membsyreldalkyl, aryl
or heterocyclyl, which is optionally substitutedthvone or more of halogen, nitro,
cyano, hydroxyl, amino, carbamoyl, 6-12 membered, a€1-6 alkyl, C2-6
alkynyl, C2-6 alkenyl, C1-6 alkoxy, C1-6 haloalky;6 membered heterocyclyl,
C3-6 cycloalkyl or Bn-O-,

wherein n is an integer from 0 to 5.

27. The use according to claim 26, wherein n i;y&ger from 0 to 2, and

the R is each independently selected from H, halogetnp,ncyano, hydroxyl,
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amino, carbamoyl, C1-6 alkylsulfuryl, C1-6 alkyl,1&® cycloalkyl, C1-6 alkoxy,
C1-6 haloalkyl, -As(O), N-(C1-6 alkyl)amino, N,N-{&% alkyl)2amino,
-NH-C(O)H or -NH-S(0)2H and is optionally substidtwith the Ror R.

28. The use according to claim 26, wherein n isgeger from 0 to 2, and
the R1 is each independently selected from H, lalpgitro, cyano, hydroxyl,
amino, C1-6 alkylsulfuryl, C1-6 alkyl, C1-6 cyclésl, C1-6 alkoxy, C1-6
haloalkyl, -As(O), -NH-C(O)H or -NH-S(O)2H and iptonally substituted with
the R or R

29. The use according to claim 26, wherein n is 2,&and the Ris each
independently selected from H, halogen, amino, Calkylsulfuryl, C1-6
cycloalkyl, C1-6 alkoxy, C1-6 haloalkyl, -NH-C(OJRr -NH-S(O)2R, wherein
the R is C1-6 alkyl which is optionally substituted wiB12 membered aryl, and
the R is 6-12 membered aryl which is optionally substitlwith one of halogen,
C1-6 alkoxy or C1-6 haloalkyl.

30. The use according to claim 29, wherein tRdésRocated at an ortho
position and/or a para position to a -As(O) group.

31. The use according to claim 26, wherein nis 0.

32. The use according to claim 26, wherein the aamg is selected from
the group consisting of:
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33. The use according to any one of claims 22 tonZterein the object is
a human or a mammal.

34. The use according to claim 25, wherein the tummcselected from
lymphoma, cervical cancer, liver cancer, breastcearsuch as triple negative
breast cancer, lung cancer such as non-small sl tancer or small cell lung
cancer, colorectal cancer, gastric cancer, skincerarsuch as melanoma,
osteocarcinoma, osteosarcoma, myeloma, leukenuaasitan cancer.

35. The use according to claim 25, further compgsadministering a
second agent to a subject in need thereof, whéheirsecond agent is preferably
an agent for treating tumor.

36. The use according to claim 35, wherein the @@ment is an agent
for treating tumor.

37. The use according to claim 35, wherein the aamg is administered
prior to, subsequent to or concurrently with adstiation of the second agent.

38. The pharmaceutical composition according tantla7, wherein the
agent for treating tumor is selected from at least of paclitaxel, gemcitabine,
cyclophosphamide and temozolomide.
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