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| A series of N-(3-chloro-2-oxo-4-arylazetidin-1-yl)-2-[(4-oxo-2-aryl-4H-chromen-7-yl)oxy]acetamide derivatives [SLP VI 1(a-d)-2(a-d)] |
| were synthesized from 7-hydroxy flavone derivatives through the intermediate Schiff bases. The synthesized compounds were investigated |
for in vitro antioxidant property by DPPH radical scavenging assay. The title compounds with good antioxidant potency were further
| evaluated for possible cardioprotective effect by doxorubicin induced cardiotoxicity. All biochemical changes were normalized after oral |
| administration of the test compounds at the dose of 50 pg/kg. The results showed the significant (p < 0.05) increase in antioxidant enzymes |
| catalase and superoxide dismutase in heart tissue homogenates. These observations enable us to conclude that the synthesized derivatives |
| SLP VI 1b, VI 1¢, VI 2b and VI 2d have cardioprotective activity against doxorubicin induced cardiotoxicity. Further, an attempt has |
| been made to perform in silico studies on the synthesized compounds to predict the interaction between test ligands and prospective |
cardiovascular protein targets using molecular docking tools. The title compounds have good binding affinity with MAPkinase P38 and
| PKCJ cardiovascular targets. |
| |
| |
L
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INTRODUCTION

Recent data have shown the abnormal production of free
radicals directly or indirectly associated with changes in mole-
cular pathways, activation of growth factors that underpin the
genesis of cardiac hypertrophy [1].In a study, Ang Il increases
ROS production by potentiating of Nox2, which in turn stimu-
lates the expression of WNT1 inducible signaling pathway
protein [2]. Various experimental and clinical studies indicate
oxidative stress seems to have a key role during the transition
from compensated hypertrophy to heart failure [3].

Reactive oxygen species (ROS) contribute to cardiac
fibrosis, which is among the most important structural and
functional changes occurring in various heart diseases. Apart
from the indirect effect on cardiac contractility, it has been
reported that ROS could directly enhance the positive inotropic
effect of compounds possibly by activation of ERK1/2 redox
signalling pathways [4]. ROS could oxidize the myofibrillar
proteins, resulting in contractile dysfunction observed in heart

failure [5,6]. Furthermore, ROS also seem to play a major role
in the formation of oxidized LDL, an initial step in atheroscler-
osis, progression of the coronary artery disease and activation
of matrix metalloproteinases leading in plaque rupture. Oxidative
stress can set the acute myocardial infarction and it could also
contribute to molecular and structural abnormalities observed
after myocardial infarction. The data presented above and perusal
of literature indicate that so far, an extensive effort has been
put in the search for a remarkable link between cardiovascular
diseases (CVD) and the impact of oxidative stress.

The greatest disadvantage of presently available and pre-
scribed drugs lies in their adverse effects including reappear-
ance of symptoms after discontinuation. Further, management
of cancer chemotherapy induced toxicity is also challenging
for researchers. Among several approaches, lessening the free
radical generation and associated cardiotoxicity with use of
natural antioxidants is the one of the best and most sought
after approach. Nature has produced wonderfully complex mole-
cules that no synthetic chemist could ever dream up [7] but

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.



https://orcid.org/0000-0002-0572-242X
https://orcid.org/0000-0002-0066-6617
https://orcid.org/0000-0001-9235-9050

94 Padmini et al.

Asian J. Chem.

drug discovery from nature is far from straightforward. Several
natural products like flavonoids, their semi-synthetic and
synthetic analogues have been reported to exhibit multi-farious
biological activities [8], of them, antioxidant activity remained
a principle subject [9]. The most important features of
flavonoids include their ability to protect against oxidative
diseases, activate or inhibit various enzymes bind specific
receptors and protect against cardiovascular diseases by reducing
the oxidation of low-density lipoproteins. The extensive availa-
bility of literature evidenced that 2-azetidinones have antioxidant
[10] effect apart from the antimicrobial, anti-inflammatory,
anticancer and other potent biological activities [11-13].

Therefore an attempt was made on the rational develop-
ment of new antioxidant molecules by tethering the active
flavones with various 2-azetidinones. The newly synthesized
potent antioxidant derivatives were explored further for cardio-
protective effect. To extend our research, we use drug design
approaches to find the drug-likeness, interaction between the
synthesized compounds and cardiovascular targets using
molecular docking tools.

EXPERIMENTAL

The synthesized molecules were characterized by physical
and spectral techniques. The melting points of synthesized
compounds were determined by open capillary tube method
and are uncorrected. The progress of reaction and purity of
products was checked by TLC, Merck silica gel plate (0.25
mm) and visualization by fluorescence quenching under UV
light (254 nm). IR spectrum was taken on Fourier transform
IR spectrophotometer (model Shimadzu 8400S) using KBr
pellet technique. "H NMR spectra were recorded on Varian 400
MHz NMR spectrometer in DMSO solvent. Mass spectra were
recorded on Agilent MS ion trap systems. The other instruments
include Semi Auto analyzer (Maxlyzer, Avecon model no: NB-
201), UV-visible spectrophotometer, electronic tissue homoge-
nizer (Ever shine, Model no: 607), Remi centrifuge (Remi, Model
no: KKLO-9013) were used for the study.CK-MB, LDH, AST,
ALT, ALP and triglyceride estimation kits for cardioprotective
evaluation were obtained from Erba Kkits, Delhi, India.

General procedure for the synthesis of chalcones [SLP
I (1-2)]: To a mixture of aromatic aldehyde (1 mmol) and 2,4-
dihydroxy acetophenone (1 mmol) in ethanol, a solution of
KOH (2.5 mmol) in 20 mL of ethanol was added. The resulting
mixture stirred with magnetic stirrer for 4 h and poured in to
crushed ice and acidified with conc. HCI. The separated pale
yellow solid mass was filtered, washed with ice cold water
and recrystallized with hot ethanol to afford various 2’,4’-
chalconediols [SLP I (1-2)] (Scheme-I).

(2E)-1-(2,4-Dihydroxyphenyl)-3-(4-methoxyphenyl)-
prop-2-en-1-one [SLP I 1]: Pale brownish yellow solid; m.p.
82-84 °C; yield:: 68%; IR (KBT, Vi, cm™): 3420.54 (-OH
str), 1675.30 (C=0 str.), 1634.65 (C=C str.), 2924.64 (-OCH;
str); '"HNMR: 8 3.72 (s, 3H, -OCH3), 8 12.79, 12.6 (s, 2H, Ar-
OH), § 6.97 (d, 2H, -COCH=CH-), 8 7.47 (M, 7H, Ar-H).

(2E)-1-(2,4-dihydroxyphenyl)-3-(4-(dimethylamino)-
phenyl)prop-2-en-1-one [SLP I 2]: Reddish yellow solid;
m.p.: 116 °C; yield: 67%; IR (KBr, Vy, cm™): 1676.81 (C=0

str), 1638.53 (C=C str.), 3415.22 (-OH str:), 1250-1300 (C-N
str.), 1434 (C-N bend), 'H NMR: § 6.84 (d, 1H, -CO-CH=CH-),
86.79 (d, 1H, -CO-CH=CH-), 8 7.4-7.7 (m, 5H, Ar-H), 8 12.1-
12.7 (s, 4H, Ar-OH), 3.15 (s, 6H, -N (CHa),).

General procedure for the synthesis of flavones [SLP
II 1-2]: Chalcone [SLP I 1-2] (1 mmol) added with catalytic
amount of I, (0.1 mmol) in DMSO and refluxed for 20-40 min,
after dilution with excess of cold water the product was filtered,
washed with 20% sodium thiosulphate solution to remove the
colour of iodine to yield flavones [SLP II 1-2] (Scheme-I).

7-Hydroxy-2-(4-methoxyphenyl)-4H-1-benzopyran-4-
one [SLP II 1]: Yellow solid; m.p.: 117 °C; yield: 60%; IR
(KB, Vinax, cm™): 1636.30 (C=0 str:), 1610 (C=C str.), 2924.36
(-OCH; str), 1130.52 (C-O-C str), 3423.90 (-OH str); 1H
NMR: 8 3.9 (s, 3H, Ar-O-CHs), § 6.92 (s, 1H, -CO-CH=C<),
§ 6.94-7.92 (m, 7H, Ar-H), 8 12.50 (s, 1H, C;-OH).

2-[4-(Dimethylamino)phenyl]-7-hydroxy-4H-1-benzo-
pyran-4-one [SLP II 2]: Pale yellow solid; m.p.: 128 °C; yield:
65%; IR (KB, Vinax, cm™): 1630.99 (C=0 str:), 1191.83 (C-O-C
str) 3390.22 (-OH str), 2855.32 (N-CH; str), 2925.16 (C-H
stret aromatic); '"H NMR: 8 6.96 (m, 7H, Ar-H),  6.76 (s, 1H,
-CO-CH=Cx), § 12.5 (s, IH, C;-OH), 3.22 (s, 6H, -N (CHa),).

General procedure for synthesis of ethyl 2-[(4-ox0-2-
aryledene-4H-chromen-7-yl)oxyJacetate [SLP III 1-2]: A
flavone [SLP II 1-2] (0.01 mol) was dissolved in dry acetone
(50 mL) and a solution of ethylchloroacetate (1.22 mL, 0.01
mol) was added. To this mixture, 0.4 g of anhydrous potassium
carbonate was added. The resulting mixture was refluxed on
water bath for 6 h. The solution was evaporated to dryness
and the residue was washed with ethanol (50 mL), filtered
and recrystallized from methanol to give the desired crystalline
product (Scheme-I).

Ethyl 2-[(4-0x0-2-(4-methoxy phenyl)-4H-chromen-7-
yDoxylacetate [SLP III 1]: Pale yellow solid, m.p. 128 °C;
yield: 58%; IR (KBT, Vinax, cm™): 1645.10 (C=0 str:), 1743.03
(-C=0 str. ester), 1658.67 (C=C str.), 3070.46 (-OCH; str.),
1132.14 (C-O-C str.);1244.00 (C-O-C str. ester), 2893.02,
829.38, 2781.16, (-CH,, -CHs); '"H NMR: & 3.9 (s, 3H, Ar-O-
CH,), 8 6.95 (s, 1H, -CO-CH=C<), 4 6.94-7.92 (m, 6H, Ar-
H), §1.18 (t, 3H, -COOCH,CHj), 6 4.10 (q, 2H, COOCH,CHj3),
8 4.44 (s, 2H, -OCH,-).

Ethyl 2-[(4-0x0-2-(4-dimethylaminophenyl)-4H-
chromen-7-yl)oxylacetate [SLP III 2]: yellow solid; m.p.:
109 °C; yield: 68%; IR (KBTI, Vias, cm™): 1643.95 (C=0 str.),
1757.68 (-C=0 str. ester), 1662.69 (C=C str:), 1136.71 (C-O-C
str), 1236.81 (C-O-C str. ester), 2924.07, 2862.57, 2753.90,
1442.62 (-CH,, -CHj3 str:).

General procedure for synthesis of 2-[(4-oxo-2-aryl-
4H-1-benzopyran-7-yl)oxy]laceto hydrazides [SLP IV1-2]:
Ethyl 2-[(4-0x0-2-aryledene-4H-chromen-7-yl)oxyJacetate
[SLP III 1-2] (0.01 mol) was taken in round bottom flask and
hydrazine hydrate (0.01 mol, 0.9 mL) was added to it. To this
reaction mixture, 1,4-dioxane (50 mL) was added and refluxed
for 5 h maintaining the temperature 60-70 °C. Dark yellow
coloured solid mass had appeared which was filtered, dried
and recrystallized with ethanol to gain yellow crystalline product
(Scheme-I).
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2-[(4-Oxo0-2(4-methoxy phenyl)-4H-1-benzopyran-7-
yloxylacetohydrazide [SLP IV 1]: Pale yellow solid, m.p.:
168 °C; yield: 65%; IR (KBT, Vi, cm™): 1649.49 (C=0 str.),
1685.71 (-C=0 str amide), 2996.75,2854.79 (-CH str.), 1172.76
(C-O-C str), 3400.21, 3319.05, 3105.17 (N-H str.); '"H NMR:
8 3.88 (s, 3H, Ar-O-CH3), 8 6.95 (s, 1H, -CO-CH=C<), 4 6.90-
7.91 (m, 6H, Ar-H), §4.44 (s, 2H, -OCH,-), 8 3.41 (s, 2H, -NH,),
4 8.10 (s, 1H, -CONH).

2-[(4-Oxo0-2(4-dimethylaminophenyl)-4H-1-benzopyran-
7-yloxylacetohydrazides [SLP IV 2]: Yellow solid; m.p.:
169 °C; yield: 70%; 1641.18 (C=0 str.), 1690.85 (-C=0 str.
amide), 2928.13, 2842.48 (-CH str), 1162.50 (C-O-C str),
3401.40, 3313.50, 3118.60 (N-H str).

General procedure for the synthesis of 2-[(4-ox0-2-aryl-
4H-1-benzopyran-7-yl)oxy]-N’-[(E)-arylmethylidene]-
acetohydrazides [SLP V 1(a-d)-2(a-d)] (Schiff bases):
2-[(4-Oxo0-2-aryl-4H-1-benzopyran-7-yl)oxy]acetohydrazides
[SLP IV 1-2] (0.01 mol, 2.91 g) and 30 mL methanol were
taken in round bottom flask. Aromatic aldehyde was dissolved
in 30 mL methanol and added slowly for about 20 min with
vigorous stirring, maintaining the temperature at 40-50 °C.
Four drops of glacial acetic acid was added and allowed to
reflux for further 3 h at 40 °C. The mixture was poured into
250 mL ice-cold water and stirred. The precipitate obtained
was filtered, dried and recrystallized from methanol. Pale yellow
coloured solids (Scheme-I).

SLP V 1a: C;H»N>Og, yellow solid, m.p.: 245 °C; yield:
60%:; IR (KBT, Vinax, cm™): 1695.18 (-C=0 str: amide), 1665.21
(C=Nstr), 1645.22 (C=0 str.), 1571.99 (C=C str.), 2925.95 (-
OCH; str), 2850.52 (C-H str.), 1134.07, (C-O-C str:), 1205.14
(C-N str.), 3371.18 (N-H s1r:), 3079.18 (=C-H str.); 'H NMR:
6 3.80 (s, 6H, Ar-O-CHs), 8 6.95 (s, 1H, -CO-CH=C<), 6 4.40
(s,2H, -OCH>-), §6.5-7.9 (m, 1 1H, Ar-H), 8.92 (s, 1H, -CONH),
4 4.1 (s, 1H, -N=CH-).

SLP V 1b: C:H»N,057, yellow solid, m.p.: 242 °C; yield:
61%:; IR (KB, Vinay, cm™): 3529.52 (-OH st12), 1695.23 (-C=0
str. amide), 1679.21 (C=N str), 1628.01 (C=0 str), 1577.66
(C=Cstr:),2931.60 (-OCH3 str.), 2883.38, 2827.45 (C-H str.),
1128.12 (C-O-C str.);1251.72 (C-N str), 3318.77 (N-H str),
3031.95 (=C-H str:);'HNMR: 3 3.71 (s, 6H, Ar-O-CH3), 8 12.2
(s, IH, -OH), 8 6.9 (s, 1H, -CO-CH=C<), $ 4.42 (s, 2H, -OCH,-),
$ 6.5-8.2 (m, 10H, Ar-H), 8.92 (s, 1H, -CONH), 8 4.1 (s, 1H,
-N=CH-).

SLP V 1c: C»H,sN;0s, pale yellow solid, m.p.: 268 °C;
yield: 50%; IR (KBr, Vi, cm™): 1697.95 (-C=0 str. amide),
1664.45 (C=N str), 1627.24 (C=0 str.), 1598.88 (C=C str),
2991.33 (-OCHgs str), 2816.88 (C-H str), 2794.02, 2788.66,
2715.26 (N-CHs strr), 1137.20 (C-O-C str:); 1232.43 (C-N str:),
3177.97 (N-H str.), 3072.39 (=C-H str.), 1371.29 (CH; bend).

SLP V 1d: C;sHsN,OsCl,, pale yellow solid, m.p.: 256-
258 °C; yield: 68%; IR (KBT, Vinax, cm™): 1696.71 (-C=0 str.
amide), 1659.34 (C=N str), 1635.19 (C=0 str), 1601.39 (C=C
str.), 2985.39 (-OCHs str:), 2810.48 (C-H str), 1116.31 (C-O-C
str), 1238.66 (C-N str), 3147.35 (N-H str:), 3099.09 (=C-H
Str).

SLPV 2a: C,;H,5N50s5 yellow solid; m.p.: 151: °C; yield:
67%; IR (KB, Vi, cm™): 1638.31 (C=N str.), 1672.89 (C=0

str), 1672.90 (-C=0 str. amide), 1646.12 (C=C str.), 1138.50
(C-O-C str), 1229.81 (C-N str), 3347.65 (N-H str.).

SLP V 2b: C7H,5N;06, yellow solid; m.p.: 169 °C; yield:
79%; IR (KBTI, Vi, cm™): 3453 (-OH st2), 1642 (C=N str),
1676 (C=0 str), 1673 (-C=0 str. amide), 1642 (C=C str),
1138.64 (C-O-C str:), 1231 (C-N 511:)3329 (N-H str:); 'HNMR:
8 3.9 (s, 3H, Ar-O-CHj3), 8 12.5 (s, 1H, -OH), 3.18 (s, 6H, -N
(CHs),), 8 6.92 (s, 1H, -CO-CH=C<), 6 6.94-7.92 (m, 10H,
Ar-H), 64.41 (s, 2H, -OCH>-), 8 8.3 (s, 1H, -CONH), 8 4.1 (s,
1H, -N=CH-).

SLPV 2c¢: C3HxsN4Oy, yellow solid; m.p.: 221 °C; yield:
70%; IR (KBTI, Vinax, cm™): 1641.11 (C=N st12), 1680.79 (C=0
str.), 1667.88 (-C=0 str. amide), 1640.21 (C=C str.), 1131.27
(C-O-C str), 1239.48 (C-N str), 3322.58 (N-H str.).

SLP V 2d: CyH CLLN;0,, pale yellow solid; m.p.: 208-
210 °C; yield: 62%:; IR (KBTI, Vi, cm™): 1647.73 (C=N str),
1688.94 (C=0 str.), 1671.63 (-C=0 str. amide), 1640.90 (C=C
str), 1126.11 (C-O-C str.), 1228.56 (C-N str), 3301.72 (N-H
str), 690-720 (C-C1 str.).

Procedure for synthesis of N-(3-chloro-2-oxo-4-aryl-
azetidin-1-yl)-2-[(4-ox0-2-aryl-4H-chromen-7-yl)oxy]-
acetamide SLP VI [1(a-d)—2(a-d)]: A solution of chloroacetyl
chloride (1.12 mL 0.01 M) in 1,4-dioxane was added drop-
wise to a well stirred solution of 2-[(4-ox0-2-aryl-4H-1-benzo-
pyran-7-yl)oxy]-N’-[(E)-aryl methylidene]acetohydrazides
SLP V [1(a-d)—2(a-d)] [Schiff bases] (0.01 M) and triethyl-
amine (0.02 M) in 1,4-dioxane. After the addition had been
completed, the solution was stirred for 24 h. The reaction
mixture was added to ice cold water. The separated solid was
filtered and purified from 1,4-dioxane:water (80:20) (Scheme-I).

SLP VI 1a: CosHxN,O,CL m.p.: 182-184 °C; yield: 62%.
Ry 0.608; benzene:acetone (7:3); IR (KBTI, Vs, cm™): 1662.74
(C=0 str.), 1744.60 (C=0 str.), 696.55 (C-Cl st1:),1260 (N-N
str), 1610 (C=C str.), 2980 (-OCH3 str:), 1125 (C-OC str:) 1191
(C-N str.); '"H NMR: 8 3.80 (s, 6H, Ar-O-CH;), 6.95 (s,1H, -
CO-CH=Cx), 4.40 (s, 2H, -OCH,-), 6.5-7.9 (m, 11H, Ar-H),
8.92 (s, 1H, -CONH), 5.95 (s, 1H, -N-CH-ph), 4.63 (s, 1H, -
CH-CI). MS(EI, m/z): 535 (M+H").

SLP VI 1b: C5sH,3N,04Cl, m.p.: 202-204 °C; yield: 68%.
R 0.541; IR (KBr, Vi, cm™): 3442 (-OH str) 1661 (C=0
str.), 1740 (C=0 str.), 701(C-Cl str.), 1260 (N-N str), 1610
(C=Cstr.), 2985 (-OCHs str:), 1122 (C-OC str:) 1197(C-N str);
'HNMR: 8 3.85 (s, 6H, Ar-O-CH3), 11.9 (s, 1H, -OH), 6.9 (s,
1H, -CO-CH=C<), 4.40 (s, 2H, -OCH»-), 6.5-7.9 (m, 10H,
Ar-H), 8.92 (s, 1H, -CONH), 6.1 (s, 1H, -N-CH-ph), 4.60 (s,
1H, -CH-CI). MS(EI, m/z): 551 (M+H").

SLP VI 1c: Cy3H23N306Cl, m.p.: 185-187 °C; yield: 55%.
Re: 0.57; IR (KBE, Vina, cm™h): 2985 (-OCH; str:), 1660 (C=0
str), 1615 (C=C str.), 1260 (N-N str), 1740 (C=0 str), 1197
(C-Nstr), 1122 (C-O-C str), 694 (C-Cl str.); 'HNMR: 8 3.82
(s,3H, Ar-O-CHz), 3.14 (s, 6H, -N(CHa),), 6.6 (s, 1H, -CO-CH=C<),
4.4 (s,2H,-OCH,-), 6.5-8.2 (m, 11H, Ar-H), 8.90(s, 1H, -CONH),
5.92(s, 1H, -N-CH-ph), 4.58 (s, 1H, -CH-Cl). MS(EI, m/z):
548 (M+H").

SLP VI 1d: C,7HsN,OsCls, m.p.: 201-203 °C; yield: 64%.
Ry 0.616 (Benzene:acetone 7:3); IR (KBTI, Vina, cm™): 2985.13
(-OCHs stre), 1742.11 (C=0 str.), 1657.46 (C=0 str.), 1616.87
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Scheme-I: Synthetic pathway of compounds SLP I — SLP VI 1(a-d)-2(a-d)

(C=C str.), 1190.67 (C-N str.), 1120.45 (C-O-C str), 1265.38
(N-N str), 720-660 (C-Cl str:); '"H NMR: & 3.80 (s, 3H, Ar-O-
CH,), 6.92 (s, 1H, -CO-CH=C<), 4.43 (s, 2H, -OCH,-), 6.5-
7.9 (m, 10H, Ar-H), 8.90 (s, 1H, -CONH), 5.91(s, 1H, -N-
CH-ph), 4.42 (s, 1H, -CH-Cl). MS(EL m/2): 574 (M+H?").

SLP VI 2a: CosHyN;0¢CL m.p.: 189-191 °C; yield: 70%.
Ri: 0.611; IR (KB, Viay, cm™): 2970 (<OCH; str:), 1744 (C=0
str), 1664 (C=0 str), 1605 (C=C str.), 1250 (N-N str:), 1200
(C-N str), 1120 (C-OC str.), 714(C-Cl str.); 'H NMR: & 3.81
(s, 3H, Ar-O-CH.), 3.14 (s, 6H, -N(CHs),), 6.88 (s, 1H, -CO-
CH=C<), 4.43 (s, 2H, -OCH,-), 6.4-8.5 (m, 11H, Ar-H), 8.89
(s, IH, -CONH), 6.02 (s, 1H, -N-CH-ph), 4.57 (s,1H, -CH-CI).
MS(EL m/z): 548 (M+H?).

SLP VI 2b: C3H,sN;0,CL m.p.: 194-196 °C; yield: 64%.
Ry: 0.603; IR (KB, Vi, cm™): 2970 (<OCH; str:), 1744 (C=0
str), 1664 (C=0 str), 1605 (C=C str.), 1250 (N-N szr:), 1200
(C-N str.), 1120 (C-O-C str.), 714 (C-Cl str); '"H NMR: § 3.81
(s, 6H, Ar-O-CH.), 3.14 (s, 6H, -N(CH),), 6.9 (s, 1H, -CO-
CH =C<), 4.43 (s, 2H, -OCH,-), 6.4-8.2 (m, 10H, Ar-H), 8.89
(s, IH, -CONH), 6.02 (s, 1H, -N-CH-ph), 4.58 (s,1H, -CH-CI).
MS(EL m/z): 578 (M+H?).

SLP VI 2¢: C3HzN,05Cl, m.p.: 176-178 °C; yield: 66%.
R: 0.613; IR (KB, Vi, cm™): 1754 (C=0 st), 1662 (C=0
str), 1605 (C=C str.), 1250 (N-N str.), 1200 (C-N str:), 1120
(C-OC str), 711 (C-Cl st:); '"H NMR: 2.98 (s, 12H, -N(CH.),),

6.88 (s, 1H, -CO-CH=C<), 4.40 (s, 2H, -OCH,-), 6.4-8.1 (m,
11H, Ar-H), 8.89 (s, 1H, -CONH), 6.02 (s, 1H, -N-CH-ph),
4.58 (s,1H, -CH-C1). MS(EL m/): 561 (M+H").

SLP VI 2d: CysH2,N:05CLs, m.p.: 198-200°C; yield: 61%.
Ry: 0.636; IR (KB, Vi, cm™'): 1740.63 (C=0 str), 1662.15
(C=0 str), 1611.52 (C=C str:), 1242.90 (N-N sr:), 1220.41(C-N
str), 1123.01 (C-O-C str), 715.16-698.22 (C-Cl str); 'H NMR:
3.16 (s, 6H, -N(CHs),), 6.79 (s, 1H, -CO-CH=C<), 4.41 (s, 2H,
“OCH,-), 6.2-8.2 (m, 10H, Ar-H), 8.72 (s, 1H, -CONH), 6.10
(s, 1H, -N-CH-ph), 4.52(s, 1H, -CH-CI). MS (EL, m/z): 586
(M+H").

Biological evaluation
In vitro antioxidant activity

DPPH radical scavenging assay: The DPPH radical
scavenging assay is based on the reduction of DPPH and
stabilization of radical reactant. The change in colour from
violet to yellow and the significant decrease in absorbance at
517 nm indicate increase in radical scavenging activity. The
comparitative radical scavenging activity of synthesized
flavones [SLP II 1-2] and their azetidinone SLP VI [1(a-d)-
2(a-d)] against 2,2-diphenyl-2-picyrl hydrazyl hydrate (DPPH)
was determined by using ascorbic acid as a standard [14].

% Radical scavenging activity was calculated by using
the following equation:
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Inhibition (%) = AB=AS 100
AB

where, AB = absorbance of blank sample (t = 0 min); AS =
absorbance of test sample. All the measurements were done
in triplicate and results are presented as mean + SEM. A dose
response curve was plotted to determine the ICs values.

Cardio protective activity

Animals and experimental protocol: The study was
carried out on healthy wistar albino rats weighing between
180-230 g of male sex procured from Raghavendra enterprises,
Bangalore, India. They were housed in clean propylene cages
and allowed to acclimatize for 7 days before experimental use.
They were maintained under standard conditions (25 + 2 °C,
relative humidity 44-56% and 12 h light and dark cycles,
respectively). All the animals were maintained with free access
for rat feed and purified drinking water ad libitum for 1 week
before and during the experiment. The experimental protocol
used in the present study was approved by Institutional Animal
Ethical Committee (1423/PO/a/11/CPCSEA/104/2019).

The test compounds were selected based on the in vitro
antioxidant assay among the newly synthesized title compounds.
The potent antioxidant derivatives (VI 1b, VI 1¢, VI 2b and
VI 2d) were selected to evaluate cardio protective activity.
The LDs values of the test compounds were determined on
acute oral toxicity studies carried out as per OECD guidelines
and were found to be 250 mg/kg body weight.

The experimental animals were randomly divided in to 7
different groups (n = 6) and treated as per the treatment schedule
given. Group I and Group II were received a vehicle and termed
as normal control and doxorubicin control respectively. Group
III (Standard) received Vitamin-E 100 mg/kg [15]. Group IV,
Group V, Group IV and Group VII test groups received 50
mg/kg of test compounds VI 1b, VI 1c¢, VI 2b and VI 2d,
respectively as effective dose. All treatments were continued
for 10 days by the oral route. Except for Group I, all the other
six groups were subjected to doxorubicin toxicity with the
dose of 15 mg/kg, i.p. on the 7th day [16-19].

Serum biochemical assay: After the experimental period,
rats were anesthetized using diethyl ether by inhalation then
the blood samples were collected from the retrorbital venous
plexus of rats. After collecting the blood in eppendorf tubes
containing sodium citrate, they were kept for 1 h at room temp-
erature and serum was separated by centrifugation at 2000
rpm for 15 min and stored until analyzed for various biochemical
parameters, creatine kinase-MB (CK-MB) [20], lactate dehydro-
genase (LDH), serum glutamic oxaloacetic transaminase (SGOT),
total cholesterol and triglycerides by using commercial kits
with the help of semi-auto analyzer (Aruba).

Estimation of myocardial tissue parameters: After the
blood samples were obtained, rats were killed by over anesthesia
and hearts were removed rapidly. The tissues of heart were
excised and washed with prechilled physical saline, homo-
genized with physical saline in tissue homogenizer and then
centrifuged at 10,000 rpm for 10 min at 4 °C. The supernatants
were assayed immediately for reduced glutathione (GSH) [21],

catalase (CAT) [22], superoxide dismutase (SOD) [23] and
lipid peroxidation (LPO) [24].

Histopathological studies: For histopathological studies,
myocardial tissue obtained from the excised heart was imme-
diately fixed in 10% buffered neutral formalin solution. The
fixed tissues were embedded in paraffin and serial sections
were cut, stained with hematoxylin and eosin (H & E stain).
The sections were examined under light microscope and photo-
micrographs were taken.

Statistical analysis: All the data was expressed as mean
+ SEM. Statistical significance between more than two groups
was tested using one way ANOVA followed by the Tukey test
using computer based fitting program (Prism graph pad 5.3).
Statistical significance was set accordingly. Differences were
considered to be statistically significant at p < 0.05.

Molecular docking: The crystal structures of the target-
proteins MAPKinase P38 (PDB ID: 4DLI) and PKCf (PDB
ID: 2I0E) were procured from Protein Data Bank. The synthe-
sized test-ligands were separately docked at the ligand-binding
sites of the corresponding target-proteins using Autodock 4.2
docking tools. The docked structures were visualized in BIOVIA
Discovery Studio Visualizer 2019 [25] and the associated inter-
action energies were tabulated.

RESULTS AND DISCUSSION

Scheme-I illustrates the synthesis of flavones backbone
(SLP II 1-2) and further synthesis of compounds of interest
SLP VI 1(a-d)-2(a-d). The chemical synthesis of flavones
and their azetidinone tethered derivatives was commenced in
accordance to synthetic procedure with optimum yields. The
structures of these compounds were confirmed by IR, 'H NMR
and mass spectral data. 2,3-Unsaturation and 4-oxo function-
ality (flavones) raise the antioxidant potency than compounds
lacking either of these features among flavonoids [26]. The 7-
OH position on flavones was selected for tethering as it is most
reactive -OH group even in natural flavones for glycosylation.
The substituent at 3" and 4" positions on the ring B of flavone
scaffold were chosen among those frequently found in naturally
occurring compounds, such as methoxy (-OCHj3) and hydroxyl
(-OH) groups. The literature revealed that the methylation of
—OH decrease the antioxidant activity but it could improve
the ADME of flavonoids [27]. Furthermore, Bak et al. [28]
investigated and found that 4’ N-substituted amino group
promote free radical scavenging activity of different flavonoids.
Therefore, the title compounds designed with substitution of
—OCH; and —N(CHj), on flavones and -OCHj3;, -OH and -N(CHj;),
aryl azetidinone at various positions.

In vitro antioxidant activity: In present study, the anti-
oxidant property of the synthesized compounds was determined
in vitro with DPPH assay method. The 1Cs, values of all the
screened compounds have been presented in Table-1. The
comparitative antioxidant effect of SLP VI 1(a-d)—2(a-d) with
SLP II (1-4) indicated by Fig. 1.

The radical scavenging effect is associated with position
and nature of substitution on flavone, 2-azetidinone moiety in
tethered derivatives. As can be seen in Table-1, all the azetidinone
tethered flavone compounds showed good antioxidant property
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TABLE-1
ANTIOXIDANT ACTIVITY OF COMPOUNDS
SLP II(1-2) AND SLP VI 1(a-d)-2(a-d)

Compound ICs, (ug/mL) Compound 1Cs, (ug/mL)
Ascorbic acid 16 £ 0.04 SLP VI 1d 52.6 +0.03
SLPII1 42 +0.07 SLP VI 2a 41+0.02
SLPII2 47 +0.03 SLP VI 2b 35+ 0.05
SLP VI 1a 40.2 +0.02 SLP VI 2¢ 54 +0.08
SLP VI 1b 32.1 £0.04 SLP VI 2d 39 +0.05
SLP VI 1c 36 +0.05
60
W SLPII
50 ESLPVia
— 40
TEI W SLPVic
2 4 ESLPVid
O% Ascorbic acid
- 20
10
0
SLP Il 1 series SLP Il 2 series Ascorbic acid
Fig. 1. Comparitative antioxidant effect of SLP VI 1(a-d)-2(a-d) with SLP
II (1-4)

especially SLP VI 1b, VI 1¢, VI 2b and VI 2d have better
reducing power in concentration range of 20-100 pg/mL with
1G5 32.1 pg/mL, 36 pg/mL and 35 pg/mL, 39 pg/mL, respec-
tively. The presence of electron donating substitution may be
making them the better radical scavengers.

Cardioprotective effect

Effect of test compounds on serum biochemical para-
meters: Serum levels of cardiac marker enzymes such as CK-

MB, LDH (p < 0.001), transaminases such as SGOT (p < 0.05),
total cholesterol (p < 0.05) and triglycerides (p < 0.01) were
significantly higher in the doxorubicin control group as com-
pared with the normal control group. Rats pretreated with test
compounds VI 1b, VI 1¢, VI 2b and VI 2d shows decreased
levels of serum cardiac marker enzymes such as CK-MB (p <
0.001), LDH (p < 0.01), SGOT (p < 0.05), total cholesterol (p <
0.05) and triglycerides (p < 0.05) as compared with doxorubicin
control group as shown in Table-2.

Effect of test compounds on oxidative parameters in
heart tissue homogenate: Doxorubicin control group exhibited
marked elevation in lipid peroxidation levels and reduction of
endogenous catalase, glutathione and superoxide dismutase as
compared to a normal control group. Marked reduction of doxo-
rubicin-induced oxidative stress was observed with test comp-
ounds VI 1b,VI 1¢, VI 2b, VI 2d, which was confirmed by
significant reduction of LPO (p < 0.01) and significant elevation
of CAT (p <0.05), GSH (p <0.01) and SOD (p < 0.01) as com-
pared with doxorubicin control group. The changes of antioxidant
parameters in cardiac tissue homogenate are shown in Table-3.

Effect of test compounds on histopathological exami-
nation of cardiac tissue: Effect of pre-treatment of test comp-
ounds VI 1b, VI 1¢, VI 2b and VI 2d on doxorubicin-induced
histopathological changes in rat cardiac tissue is depicted in
Fig. 2. Histopathalogical studies of the normal control group
of hearts showed normal myocardium structure. In doxorubicin
intoxicated group of animals showed the necrotic changes in
myocardial tissue along with hemorrhage. The standard group
animals showed normal cytoarchitecture of myocardium. Pre-
treatment with test compounds VI 1¢, VI 2b rats showed regene-
rative changes in myocardial tissue. The morphology of cardiac
muscle was relatively preserved and showed similar character-
istic features with normal group in rats treated with test
compounds VI 1b and VI 2d.

TABLE-2

EFFECT OF TEST COMPOUNDS ON DOXORUBICIN INDUCED ALTERATIONS ON SERUM BIOCHEMICAL PARAMETERS
Total cholesterol Triglycerides

Group CK-MB (IU/L) LDH (IU/L) SGOT (IU/L) () ()
Normal control 130.5 £3.28 188.5 +7.227 35.53 £2.51 21.35+1.63 27.56 £ 1.32
Doxorubicin control 343.2 +12.72a 759.2 £26.46 a 103.5+5.34¢c 45.10+8.24 ¢ 65.75£4.14 b
Test 1 (VI 1b) 239.8+521a 659.1 £19.21b 67.29+7.27 ¢ 22.14+1.19¢ 38.64 £3.16 ¢
Test 2 (VI 1c¢) 2373 +6.11a 661.3+14.72b 65.27 £6.28 ¢ 20.54 +0.63 ¢ 40.28 +6.41 ¢
Test 3 (VI 2b) 2564 +423a 622.8 +£17.66 b 71.09 £4.22 ¢ 20.74 349 ¢ 41.68 +3.08 ¢
Test 4 (VI 2d) 261.3+822a 647.2+18.31b 68.39 £6.21 ¢ 28.34+2.69 ¢ 40.66 +2.36 ¢
Standard 1789 +4.80a 3653+ 12.55a 6326 +5.23 ¢ 18.99 £ 1.65 ¢ 22.47+1.02b

All values are presented as mean + SEM (n = 6). p < 0.001 is denoted by a, p < 0.01 is denoted by b and p < 0.05 is denoted by c.

TABLE-3
EFFECT OF TEST COMPOUNDS ON CARDIAC TISSUE ENDOGENOUS ANTIOXIDANT SYSTEMS
. CAT (umol H,0, decomposed GSH (nmol of LPO (nmol of
S ) HOD (g o) (Ling prozteiznlmjn) ’ GSH/m(g protein) MDA/n(lg protein)

Normal control 22.52 +0.37 20.98 +2.08 17.99 +0.94 9.02 +0.59
Doxorubicin control 9.69 +1.03b 7.17+04c 5.19+1.57b 32.90+2.36 b
Test 1 (VI 1b) 1721 £ 1.16 b 18.53 £0.59 ¢ 11.02+ 1.07 b 15.12 £ 0.56b
Test 2 (VI 1¢) 20.37 £ 1.58 b 18.51 £0.44 c 13.55+0.52 b 17.62 £ 0.41b
Test 3 (VI 2b) 17.58 £3.21 b 20.13 £2.48¢c 14.03 £0.39 b 12.33 £ 0.93b
Test 4 (VI 2d) 19.33 £ 1.03 b 17.73 £2.59 ¢ 13.98 +0.51 b 17.85 £ 1.21b
Standard 21.85+1.81c¢c 27.69 +2.38b 22.23+0.92 a 11.66 + 0.48 b
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Fig. 2. Effect of doxorubicin induced cardiotoxicity on histopathological alterations and its amelioration by test compounds in rat hearts. N.
Normal control; D. Doxorubicin control; S. Standard; Test compounds VI 1b, VI 1¢, VI 2b, VI 2d. H-Haemorrhage, MF-Myocardial

fibres

Docking studies: The docking results were tabulated in
Table-4. The interaction energies of synthesized flavones SLP
I11 and its corresponding azetidinone tethered derivatives SLP
VIla, VI1b, VIlc and VI1d with MAP Kinase P38 were -8.32,
-8.16, -9.67, -10.37 and -8.90 kcal/mol, respectively.

The structure of SLP II 1 ligand docked with MAPk P38
at its ligand binding site illustrated that it interacts with Leu-
291, Ser-293 residues through hydrogen bonds and with Leu-
246, Trp-197, Ser-252, Asn-196,Leu-195 and Ala-255 residues
of the protein through m-it stacked, amide-m stacked and other
interactions (Fig. 3b and c).

Among the azetidinone tethered derivatives SLPVI 1c¢
has highest binding energy compared to SLP II 1. The structure
of SLPVI 1c ligand docked with MAPk P38 at its ligand binding
site illustrated that it interacts with Leu-195, Ser-251, Ser-252
and Ser-254 residues through conventional hydrogen bonds
and with Leu-246, Leu-291, Glu-192, Ileu-250, Ala-255, Asn-

TABLE-4

INTERACTION ENERGIES OF TEST LIGANDS
SLP I1(1-2) AND SLP VI 1(a-d)-2(a-d) WITH
MAPk P38 AND PKC TARGET PROTEINS

Interaction energies Interaction
Ligand with MAPKinaseP38 energies with
(Kcal/mol) PKCP (Kcal/mol)

[PDB id: 4DLI] [PDB id:2IOE]
SLPII 1 -8.32 -7.79
SLP VI 1a -8.16 -7.07
SLP VI 1b -9.67 -7.94
SLP VI 1c -10.37 -8.72
SLP VI 1d -8.90 -8.50
SLPII 2 -8.28 -7.48
SLP VI 2a -10.7 -7.67
SLP VI 2b -8.28 -9.48
SLP VI 2¢ -9.14 -8.79
SLP VI 2d -7.55 -8.34

Fig. 3. 3D illustrations of interactions of SLP II1 (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket atoms
of corresponding amino-acid residues of MAP kinase P38. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to
generate and visualize the docked structures respectively
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196 and Trp-197 residues of the protein through n- stacked,
Amide-r stacked and other interactions (Fig. 4b and c).

The interaction energies of synthesized flavones SLP II 2
and its corresponding azetidinone tethered derivatives SLP
VI12a, VI2b, VI2¢ and VI2d with MAPKinase P38 were -8.28,
-10.7,-8.28,-9.14 and -7.55 kcal/mol respectively. The structure
of compound SLP II 2 ligand docked with MAPk P38 at its
ligand binding site illustrated that it interacts with Asp-292
residue through hydrogen bond and with Leu-195, Ser-251,
Asn-196, Ile-250, Ala-255, Glu-192, Leu-246 and Trp-197
residues of the protein through Pi-sigma, ©-w stacked, amide-
7 stacked and other interactions (Fig. 5b and c).

Among the azetidinone tethered derivatives SLP VI 2a
has highest binding energy compared to compound SLP II 2.
The structure of compound SLP VI2a ligand docked with
MAPK P38 at its ligand binding site illustrated that it interacts
with Arg-23 residue through conventional hydrogen bond and
with Lys-76, Val-349, Lys-79, Leu-87, Leu-353, Thr-46 and
Pro-351 residues of the protein through other interactions (Fig.
6b and c).

The interaction energies of synthesized flavones SLP II
1 and its corresponding azetidinone tethered derivatives SLP
VIla, VI1b, VIlc and VI1d with PKCP were -7.79,-7.07,-7.94,
-8.72 and -8.50 kcal/mol, respectively. The structure of

compound SLP II 1 ligand docked with PKCf at its ligand
binding site illustrated that it interacts with Lys-399, Leu-406
and Ala-395 residues through hydrogen bonds and with Gln-
405, Leu-396 and Pro-397 residues of the protein through Pi-
lonepair, Pi-alkyl and other interactions (Fig. 7b and c).

Among the azetidinone tethered derivatives SLPVI 1c
has highest binding energy compared to compound SLP IT 1.
The structure of compound SLPVI 1c¢ ligand docked with
PKC at its ligand binding site illustrated that it interacts with
Lys-399, Leu-406 and Ser-664 residues through conventional
hydrogen bonds and with Ala-395, Asn-663 and Phe-661
residues of the protein through Pi-lone pair and other inter-
actions (Fig. 8b and c).

The interaction energies of synthesized flavones SLP II 2
and its corresponding azetidinone tethered derivatives SLP
VI2a, VI2b, VI2¢ and VI2d with PKC[ were -7.48, -7.67,
-9.48, -8.79 and -8.34 kcal/mol, respectively. The structure of
compound SLP IT 2 ligand docked with PKCf at its ligand
binding site illustrated that it interacts with Tyr-422, Glu-366
and Tyr-368 residue through hydrogen bond and with Arg-624,
Leu-367, Lys-668 and Pro-669 residues of the protein through
Pi-sigma, Pi-alkyl and other interactions (Fig. 9b and c).

Among the azetidinone tethered derivatives SLP VI 2b
has highest binding energy compared to compoud SLP II 2.

Fig. 4. 3D illustrations of interactions of SLP VI 1C (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket
atoms of corresponding amino-acid residues of MAP kinase P38. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to

generate and visualize the docked structures respectively

Fig. 5. 3D illustrations of interactions of SLP II2 (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket atoms
of corresponding amino-acid residues of MAP kinase P38. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to

generate and visualize the docked structures respectively
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Fig. 6. 3D illustrations of interactions of SLP VI2d (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket atoms
of corresponding amino-acid residues of MAP kinase P38. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to
generate and visualize the docked structures respectively

Fig. 7. 3D illustrations of interactions of SLP II1 (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket atoms
of corresponding amino-acid residues of PKCf. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to generate and
visualize the docked structures respectively

Fig. 8. 3D illustrations of interactions of SLP VI 1c¢ (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket
atoms of corresponding amino-acid residues of PKCP. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to generate
and visualize the docked structures respectively

The structure of compound SLP VI2b ligand docked with ~ bond, with Lys-611 Pi-cation, Leu-667 Pi-sigma, with Glu-
PKCp at its ligand binding site illustrated that it interacts with 665, Leu-396, Gly-398, Pro-400, Pro-401, Arg-610 residues
Leu-403, Lys-399 residue through conventional hydrogen of the protein through other interactions (Fig. 10b and c).
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Fig. 9. 3D illustrations of interactions of SLP II2 (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket atoms
of corresponding amino-acid residues of PKCf. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to generate and

visualize the docked structures respectively

Fig. 10.3D illustrations of interactions of SLP VI2d (A) receptor interaction (B) hydrogen bonding surface (C) interactions with pocket atoms
of corresponding amino-acid residues of PKCP. Autodock 4.2 and Biovia discovery studio2019 Viewer were used to generate and

visualize the docked structures respectively

The results of molecular docking carried-out in current
study revealed that the azetidinone tethered derivatives have
good binding energies compared to their precursor flavone
molecules SLP II1 and SLPII 2. They have good binding
affinity towards MAPK P38 target protein than PKCP target
comparitativly. Among all the derivatives SLPVI1c and SLP
VI2b have high binding energies to both cardioprotective target
proteins [29] MAPK P38 and PKCp.

Conclusion

In conclusion, eight derivatives of 2-azetidinone tethered
4’-OCHs flavones and 4’-N(CHj), flavones were synthesized,
characterized and evaluated for biological activity. According
to the results the synthesized compounds had effective anti-
oxidant activity. The data suggest that azetidinone tethered
flavones [SLP VI 1(a-d)-2(a-d)] have moderately more anti-
oxidant property compare to the synthesized flavone precursors
[SLP II 1-2]. Compounds SLPVI 1b, VI 1¢, VI 2b and VI 2d
have high antioxidant property among the compounds tested
and further evaluated for cardioprotective effect. Compounds
VI 1b, VI 1¢, VI 2b and VI 2d significantly attenuated the
levels of pathological biochemical markers like creatine kinase-
MB (CK-MB), lactate dehydrogenase (LDH), serum glutamic
oxaloacetic transaminase (SGOT), total cholesterol, triglyce-

rides and significantly raises the levels of endogenous protective
antioxidant proteins in the doxorubicin-intoxicated rats. The
docking studies on the test compounds revealed that they have
high binding affinity to the MAP kinase P38 and PKCp target
proteins. Based on the results, the research finding supports
that the novel synthetic flavones derivatives have antioxidant
and cardioprotective activity.
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