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Table S1. Cytotoxic

activity of the 70 % ethanol extract of C. olitorius leaves and its

subfractions
Cell line Conc. % Cell inhibition

pg/mL

70% ethanol extract | n-hexane fraction | Ethyl acetate fraction | Aqueous residue

Ab49 20 22.1 41.4 81.2 3
HepG2 20 -20.6 8.9 12.3 -17.3
MDA-MB- 20 17.6 29.7 44.9 16
231

Cytotoxic activity was tested at a concentration of 20 pg/ml and represented as percentage cell inhibition.

Doxorubicin represented the positive control with 1Cso = 0.86, 0.39, 0.94 pg/ml against A549, HepG2 and
MDA-MB-231 cell lines, respectively

Table S2 . Anti-angiogenic activity of C. olitorius leaves

EPCs

70% ethanol extract

n-hexane fraction

Ethyl acetate fraction

Aqueous residue

% Cell survival

94

50

<0

95

Table S3 . Effect of doxorubicin, EtOAC fraction and combination on tumor tissues in EAC

bearing mice

Ehrlich tumor
Nodules | Tumor cells | Apoptosis |Mitosis| Karyorrhectic | Necrosis Others
fragments
Group | (Control) ++ ++ + ++ + scattered giant cells
Group 11 + + 0 0 0 -
(Standard)
Group Il (EtOAC ++ + + 0 + -
fraction)
Group 1V + + 0 0 + -
(Combination)

Nodules:
Tumor cells:
Apoptosis:
Mitosis:
Karyorrhectic fragments:

Necrosis:

0: No mitosis +: Scattered ++: Marked

0: Marked +: Few ++: No

0: No nodules +: Small nodules ++: Sheets/large nodules

0: Marked +: Scattered ++: No apoptosis

0: Large areas +: Small areas ++: No necrosis

0: Non-viable +: Less-viable/mildly pleomorphic  ++: More-viable/markedly pleomorphic




Table S4. Immunohitochemical study results on caspase-3 and Ki-67

Caspase-3 Ki-67
Group I (Control) + T+
Group Il (Doxorubicin) ++ T
Group 11 (EtOAC ++ T+t
fraction)
Group IV + ++
(Combination)

Caspase-3 reactivity was classified as: negative (0), weak (+), moderate (++), marked (+++).
Ki-67 positivity evaluated according to percentage of positive cells into four degree: (-) < 24%, (+) 25-50 %
(Isolated), (++) 51-74% (Focal), (+++) > 75 % ( Diffuse).

Table S5. Predicted pharmacokinetic profile of the major compounds identified in the ethyl
acetate fraction of C. olitorius leaves

Compound TPSA Log P Solubility Gl BBB CYP 3A4
Absorption permeability inhibition

Carbendazim (1) 67.01 1.09 Soluble High Yes No
Quercetin glucoside (2) 210.51 0.94 Soluble Low No No
Dimethoxy hydroxyacetophenone (3) 55.76 1.15 V. soluble High Yes No
Ethyl caffeate (5) 66.76 1.82 Soluble High Yes No
Corchorifatty acid F (trihydroxy 97.99 2.78 Soluble High No No
octadecadienoic acid)
(6)
trihydroxyoctadecenoic acid (7) 97.99 2.83 Soluble High No No
Octadecadienoic acid ethyl ester (9) 26.30 6.09 M. soluble High No No
Nonatriacontanoic acid (13) 37.30 13.48 Insoluble Low No No
Hydroxy octadecatrienoic acid (15 — 57.53 431 Soluble High Yes No
16)
Linoleamide (19) 43.09 5.04 M. soluble High Yes No
Palmitamide (21) 43.09 4.83 M. soluble High Yes No
Oleamide (22) 43.09 5.32 M. soluble High Yes No
Stearamide (25) 43.09 5.54 M. soluble High Yes No




Table S6. Binding interactions of the major
(CDK?2) (1JSV) and VEGF-A (3QTK)

compounds against EGFR kinase (8A27),

Compound Name EGFR CDK2 VEGF-A
Score Hydrophobic Hydrogen Salt Score Hydrophobic Hydrogen Salt Score Hydrophobic Hydrogen
bond bridge bond bridge bond
Carbendazim (1) 73 | ALA743 ASP855 | ASP | -6.6 ILE 10 LYS 33 - 6.7 PHE 29 SER 43
LYS 745 ASP 855 | 855 ILE 10 GLN 131 ILE 39 CYS54
THR 790 GLY 857 GLN 131 GLN 131 GLU 57 ASN 55
LEU 844 ASN 132 ASP 145 ASP 56
ASP 56
Quercetin -10.1 | ALA743 SER 720 | - 8.1 ILE 10 GLU 12 - -6 - LYS 41
glucoside (2) LEU 844 THR 854 VAL 18 ASP 86 ASN 55
THR 854 ASP 86 GLN 131 ASN 55
ASN 132 ASN 55
ASP 145 HIS 79
GLN 80
Dimethoxy 6.1 LEU 718 LYS745 | - 5.9 ILE 10 LYS 33 - 5.6 PHE 29 LYS 41
hydroxyacetophenone VAL 726 THR 790 ILE 10 ILE 39 SER 43
(3) VAL 726 ASP 855 PHE 82 GLU 57 ASN 55
ALA 743 LEU 134 ASP 56
THR 790
LEU 792
LEU 844
Ethyl caffeate (5) 7.3 LEU 747 THR 854 | - 6.2 ILE 10 LYS 33 - 5.9 ILE 22 LEU 25
ILE 759 ASP 855 ASP 86 HIS 84 THR 24 LEU 25
THR 790 PHE 856 LEU 134 ASP 86 THR 24 GLY 52
GLY 857 ASP 86
Corchorifatty acid 7.7 | VAL 726 ALA 743 | - 5.5 ILE 10 ASP 86 - 5.7 ILE 22 LEU 25
F (trihydroxy ALA 743 LYS 745 VAL 18 GLN 131 ILE 22 LEU 25
LT LYS 745 LYS 745 PHE 82 THR 24 LEU 25
octadecadienoic MET 766 | THR 790 ASP 86 VAL 26 ASP 27
acid) LEU777 | THR854 GLN 131 ARG 49 GLN 30
(6) LEU 777 ASP 855 LEU 134
LEU 788 ASP 855 LEU 134
LEU 788
LEU 788
THR 790
LEU 844
LEU 844
Trihydroxyoctadec 4.4 ALA 702 ARG 705 | - -5.6 VAL 18 GLU 12 - -5.3 PHE 10 ILE 36
enoic acid (7) ARG 705 ILE 706 ALA 31 GLU 12 PHE 10 GLU 37
PHE 82 LEU 83 TYR 14 GLN 72
GLN 131 GLN 131 ASP 34 LYS 100
LYS 100
Octadecadienoic -39 | TRP731 - ARG | 5.8 ILE 10 THR 14 LYS | 54 ILE 22 -
acid ethyl ester (9) ILE 740 76 ILE 10 THR 14 129 ILE 22
ILE 740 VAL 18 THR 24
LEU 778 ALA 31 ASP 27
GLN 791 PHE 82
ASP 86
LEU 134
LEU 134
Nonatriacontanoic 6.4 | PHE723 TYR891 | - 4.1 LEU 124 THR 182 - 4.2 ILE 22 ASP 27
acid (13) PHE 723 LEU 124 THR 182 ILE 22 GLN 30
VAL 726 LEU 124 THR 24
VAL 726 ARG 126 VAL 26
ALA 743 ARG 150 ASP 27
LYS 745 ARG 150
MET 766 LYS 178
LEU 777 TYR 179
LEU 788 TYR 179
THR 790 TYR 180
ARG 836
ASP 837
LEU 844
LEU 844
LEU 858




Table S6. Binding interactions of the major

(CDK2) (1JSV) and VEGF-A (3QTK) (Cont.)

compounds against EGFR kinase (8A27),

Compound Name EGFR CDK2 VEGF-A
Score Hydrophobic Hydrogen Salt Score Hydrophobic Hydrogen Salt Score Hydrophobic Hydrogen
bond bridge bond bridge bond
Hydroxy -7.3 VAL 726 ASP 855 - -6.2 ILE 10 THR 14 - -6 ILE 22 SER 43
octadecatrienoic VAL 726 ILE 10 THR 14 ILE 22 CYS 54
. ALA 743 VAL 18 HIS 125 THR 24
acid (15-16) LYS 745 VAL 18 ASP 127 LEU 25
LYS 745 ALA 31 LYS 129
LEU 777 LEU 134 ASN 132
LEU 788 ASP 145
THR 790
LEU 844
PHE 856
Linoleamide (19) -7.6 VAL 726 ASP 855 - -5.1 ILE 10 GLN 131 - -5.2 PHE 10 GLY 58
ALA 743 ASP 855 ASP 86 TYR 14
LYS 745 ASP 855 LEU 134 GLU 37
LYS 745 PHE 856 LYS 100
MET 766 GLY 857
LEU 777
LEU 788
THR 790
Palmitamide (21) -6.9 LYS 745 MET 793 | - 5.1 ILE 10 HIS 84 - -4.6 PHE 10 LYS 41
LYS 745 MET 793 ILE 10 TYR 14 ASN 55
LYS 745 VAL 18 ILE 36
CYS 775 VAL 18 ILE 36
LEU 777 ALA 31 LYS 100
LEU 777 PHE 82
LEU 788 LEU 134
THR 790
LEU 844
Oleamide (22) -1.2 LEU 718 THR 854 - -5 ILE 10 LYS 89 - -4.7 PHE 10 GLN 82
VAL 726 ASP 855 ILE 10 TYR14
VAL 726 ILE 10 ILE 36
LYS 745 VAL 18 GLU 37
LYS 745 PHE 82 LYS 100
LYS 745 LEU 134 LYS 100
LEU 777 LEU 134
LEU 788
THR 790
LEU 844
THR 854
Stearamide (25) 6.9 | VAL 726 ARG 841 | - 5 ILE 10 GLUS - 47 [ILE22 CYS50
VAL 726 ILE 10 ILE 22
ALA 743 ILE 10 THR 24
LYS 745 VAL 18 LEU 25
LYS 745 PHE 82
MET 766 GLN 131
LEU 777 LEU 134
LEU 788
LEU 844
PHE 856
Erlotinib -9 VAL 726 | LYS745 | - - - - - - - -
ALA 743
LYS 745
LYS 745
LEU 788
THR 790
ARG 841
LEU 844
Roscovitine - - - - -7.6 ILE 10 GLU 12 -
ILE 10 LYS 33
VAL 18 GLN 131
ALA 31 GLN 131
ASP 86 GLN 131
ASN 132
LEU 134
LEU 134




Table S6. Binding interactions of the major compounds against EGFR kinase (8A27),
(CDK2) (1JSV) and VEGF-A (3QTK) (Cont.)

Compound Name EGFR CDK2 VEGF-A
Score Hydrophobic Hydrogen Salt Score Hydrophobic Hydrogen Salt Score Hydrophobic Hydrogen
bond bridge bond bridge bond
Triamcinolone - - -8.5 ILE 22 THR 24
THR 24 LEU 25
LEU 25
GLY 52
GLY 52
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Figure S1. a. ESI/MS positive ion mode chromatogram of the EtOAC fraction of Corchorus
olitorius. Major peaks are observed at retention times of 1.64 min [M+H]" 192, 8.69 min
[M+Na]" 351, 9.28 min. [M+Na]" 353, 11.52 min. [M+H]" 319, 19.38 min. [M+H]" 256,
19.90 min. [M+H]" 282, 20.34 min. [M+H]" 609, 20.91 min. [M+H]" 593, 22.07 [M+H]"
284, corresponding to the compounds namely, carbendazim, corchorifatty acid F, trinydroxy
octadecenoic acid, hydroxy eicosapentaenoic acid, palmitamide, oleamide, quercetin-
hydroxy-methylglutaryl-hexoside, pheophorbide A and stearamide. b. ESI/MS negative ion
mode chromatogram of the EtOAC fraction of Corchorus olitorius. Major peaks are observed
at retention times of 8.69 min [M-H] 327, 9.28 min. [M-H]329, corresponding to the

compounds namely corchorifatty acid F, trihydroxy octadecenoic acid.
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Figure S2. BOILED-Egg chart revealing the predicted absorption of the major compounds
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Figure S3. Three-dimensional interactions of compounds namely, carbendazim, quercetin
glucoside, dimethoxy acetophenone, ethyl caffeate and corchorifatty acid F and the standard
drug erlotinib with EGFR kinase (8A27) active sites
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Figure S6. Three-dimensional interactions of compounds namely, carbendazim, quercetin
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Gray dashed line: hydrophobic interaction

. . . Blue solid line: hydrogen bond
3D interactions with VEGF-A Yellow dashed line: salt bridge

Triamcinolone Quercetin glucoside

PRE29

, -

Asp-27 GLN-30

LEU-25 Y -

ARG-49

ILE22

Ethyl caffeate

Corchorifatty acid F (trihydroxy

Dimethoxy hydroxyacetophenone Ty At
octadecadienoic acid)

Figure S9. Three-dimensional interactions of compounds namely, carbendazim, quercetin
glucoside, dimethoxy acetophenone, ethyl caffeate and corchorifatty acid F and the standard
drug triamcinolone with VEGF-A (3QTK) active sites

15



Gray dashed line: hydrophobic interaction

. . . Blue solid line: hydrogen bond
3D interactions with VEGF-A Yellow dashed line: salt bridge

/

‘,»AS_HQVAL;ZG
/ .

,./

{ ./ 27

AR\ A )
el / : G GL-30
Octadecadienoic acid ethyl ester Nonatriacontanoic acid /
Trihydroxyoctadecenoic acid
Z. L L g Twsa
ILE22 )
S TR
=X ~
B i

P

\ 3\ Y~ A
PHE<10 \isdth

Hydroxy octadecatrienoic acid

Linoleamide Palmitamide

Figure S10. Three-dimensional interactions of compounds namely, trihydroxyoctadecenoic
acid, octadecadienoic acid ethyl ester, nonatriacontanoic acid, hydroxy octadecatrienoic acid,
linoleamide and palmitamide with VEGF-A (3QTK) active sites

Gray dashed line: hydrophobic interaction

. . . Blue solid line: hydrogen bond
3D interactions with VEGF-A Yellow dashed fine: salt bridge

Stearamide

Oleamide

Figure S11. Three-dimensional interactions of compounds namely, oleamide, and stearamide
with VEGF-A (3QTK) active sites

16



Air-dried leaves (3 Kg)
)
Milling
)
Maceration with 70% EtOH (3 cycles)

Filtration
Evaporation of extract till dryness at 45 °C

70% EtOH residue (190 g)

Redissolve in 70% distilled EtOH
Fractionation with n-hexane

| |

n-hexane fraction (55 g) Remaining 70% EtOH

Evaporation till dryness at 45 °C
Redissolve in 100% distilled
H,O

Fractionation with ethyl acetate

EtOAC fraction (20 g) Remaining 10% H,0

Lyophilization

| 100% H,0 fraction (70 g) |

Figure S 12. Flow diagram of the extraction and sequential solvent fractionation of

Corchorus olitorius leaves

17



1- Protein Preparation
(Autodock Tools)
- Retrieve from PDB
- Remove water
- Add hydrogens
- Assign charges

2- Ligand Preparation
- Draw ligand
(ChemSketch)

- Energy minimization
(Open Babel)

3- Docking setup and
Execution (AutoDock
Vina)
- Define grid box
- Set docking parameters
- Run docking

4- Visualization
(PyMOL)

Figure S 13. Overview of the molecular docking workflow used in this study
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The fragmentation of the identified compounds belonging to different classes of
secondary metabolites

Benzimidazoles

The ESI-MS analysis revealed the presence of a molecular ion peak at m/z 192 [M+ H]". The
MS? spectrum showed an abundant fragment ion at m/z 160 [M+H-CH;OH]" and also
displayed a characteristic radical ion at m/z 132 [M+H-CH3;OCOQ]". Therefore, compound (1)
was tentatively identified as carbendazim [1, 2].

Flavonoids

Compound (2) was tentatively identified as quercetin glucoside as the ESI-MS spectrum
displayed a molecular ion peak at m/z 463 in the negative ion mode. Furthermore, the MS?
spectrum displayed an abundant radical aglycone ion [Y,-H]" at m/z 300 produced from the
precursor ion m/z 463. Moreover, the positive ion mode revealed a molecular ion peak at m/z
465 [M+H]". The fragmentation process revealed a prominent base peak at m/z 303 [M+H-
162]" owing to the neutral loss of a hexose moiety. Also, fragments at m/z 184 (CgHgOs) and
123 (C;sH;0;) were observed due to a previously reported retrocyclization pathway of
flavonol giving rise to [*?A]" and [*?B]* fragments, respectively [3, 4]. Furthermore,
compound (23) was identified as quercetin—hydroxy-methyl glutaryl hexoside and its isomer
as they showed a molecular ion peak at m/z 609 [M+H] *. The MS? spectrum showed
fragment ion at m/z 303 corresponding to the aglycone quercetin owing to the loss of the
hexose moiety with the hydroxy-methyl glutaryl residue. Another fragment appeared at m/z
464 [M+H-144]" owing to the neutral loss of the hydroxy-methyl glutaryl substituent [5].

Acetophenones

The ESI-MS spectrum revealed two quasimolecular ion peaks corresponding to m/z 197 [M+
H]" and m/z 219 [M+Na]*. The MS? spectrum presented a radical ion at m/z 179 [M+H-
OH.]" corresponding to the loss of a water molecule (18 amu). Also, a radical ion was
observed at m/z 137 [M+H- OH - CH3CO]". Moreover, a radical ion was observed at m/z 107
corresponding to (C;H;O) . Thus, compound (3) was tentatively identified as dimethoxy
hydroxyacetophenone [6].

Phenolic acids

Compound (4) was tentatively identified as dicaffeoyl quinic acid as the ESI-MS spectrum
showed a molecular ion peak at m/z 515 [M-H] and a fragement ion was observed at m/z 353
[M-H-162] due to the neutral loss of a caffeoyl moiety [7]. Furthermore, compound (5) was

tentatively identified as ethyl caffeate. The ESI-MS spectrum displayed a molecular ion
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peaks at m/z 209 [M+H]" and 207 [M-H]". The MS? spectrum of the precursor ion at m/z 207
showed several fragment ions. A radical ion was observed at m/z 179 [M-H-C;Hs]", another
radical ion was also observed at m/z 135 due to the subsequent loss of 44 amu corresponding
to CO,. Moreover, a characteristic peak was observed at m/z 161 corresponding to [M-H-
ethanol]™ [8, 9]. Moreover, compound (8) tentatively identified as ferulic acid pentosyl
exhibited a molecular ion peak at m/z 325 [M-H]". A product ion was observed at m/z 193
corresponding to neutral loss of pentosyl moiety [10, 11]. Compound (14) was tentatively
identified as tri-caffeoyl-anhydro-octulopyranosonic acid. The compound was identified by
the appearance of a molecular ion peak at m/z 721 [M-H]". The MS? spectrum displayed a
fragment ion at m/z 397 corresponding to the loss of two caffeoyl moieties. Subsequent
fragmentation gives rise to radical ions at m/z 277 and 119 corresponding to (C10H1300) and
(CsH-70), respectively [12].

Triterpenes and steroids

Compound (10) showed a molecular ion peak m/z 517 [M-H]. The MS? spectrum revealed
fragment ions at m/z 455, 437 and 429 corresponding to [M-H-CO,-H,0]’, [M-H-CO,-H,0-
H,0] and [M-H-2CO;]’, respectively. Thus, compound (10) was tentatively identified as
zahnic acid [13].

Chlorophyll catabolites

Compound (18) was tentatively identified as pheophorbide B. The ESI-MS spectrum showed
a molecular ion peak at m/z 607 [M+H]" and a characteristic prominent product ion at m/z
547 [M+H-CH3COOH]". In addition, The ESI-MS spectrum revealed a molecular ion peak at
m/z 593 [M+H]" and showed a prominent characteristic fragment ion at m/z 533 [M+H-
CH3COOH]". Thus, compound (24) was identified as pheophorbide A [14].

Secoiridoids
Compound (17) displayed a quasimolecular ion peak at m/z 579 [M+Na]*. Also, a molecular
ion was observed at m/z 555 [M-H]". Additionally, the MS? spectrum showed fragment ions

at m/z 225, 153 and 135. Therefore, the compound was identified as hydroxyoleuropein [15].

Fatty acids and their derivatives

Compound (6) was tentatively identified as corchorifatty acid F (trihydroxy octadecadienoic
acid). The positive ion mode showed a quasimolecular ion peak at m/z 351 [M+Na]".
Moreover, the negative ion mode showed a molecular ion at m/z 327 [M-H]". Fragmentation

of the precursor ion at m/z 327 produced a fragment ion at m/z 291 [M-H-2 H,0O]" owing to
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the loss of two water molecules. Also, a product ion was displayed at m/z 229 (C12H2:04)
attributed to the allyl scission and - fission of a hydroxyl group. Fragment ions were also
observed at m/z 211 (C1,H1903) and 171 (CgH;1503) [16-18]. In addition, compound (7) was
tentatively identified as trihydroxyoctadecenoic acid. A pseudomolecular ion peak was
observed at m/z 353 [M+ Na]" in the positive ion mode and another one at m/z 329 in the
negative ion mode. The MS? spectrum revealed a product ion attributed to the loss of HO-
CH=CH(CH)3CH3 moiety corresponding to 100 amu at m/z 229 in the negative ion mode.
Subsequent loss of CH,CH(OH)CH, group corresponding to 58 amu gives rise to a product
ion at m/z 171[18, 19]. Moreover, compound (9) was tentatively identified as octadecadienoic
acid ethyl ester. The ESI-MS spectrum displayed a molecular ion peak at m/z 307 [M-H]".
The MS? spectrum revealed a radical ion at m/z 235 [M-H- C,HsOCO]". Subsequent loss of
CsHa; give rise to a radical ion at m/z 71. Also fragments at m/z 185 and 125 were observed
corresponding to (C11H2:0,) and (CgHa7), respectively [20].

Additionally, compounds (11) and (12) were tentatively identified as hydroxy
eicosapentaenoic acid and its isomer. A pseudomolecular ion was displayed at m/z 319
[M+H]". A product ion was revealed at m/z 274 [M+H-COOH]". Moreover another fragment
ion was observed at m/z 230 [M+H-C;H90,]". Also, fragment ions were observed at m/z 85
and 57 [21]. Furthermore, compound (13) was tentatively identified as nonatriacontanoic
acid. A molecular ion peak was observed at m/z 577.5 [M-H]". The MS? spectrum showed a
radical ion at m/z 71 corresponding to (CsHi1). Also, fragment ions were observed at m/z 95
and 81 [22].

Compounds (15) and (16) which appeared at retention times 14.05 and 14.17 min.
were tentatively identified as hydroxy octadecatrienoic acid and its isomer. The compounds
displayed a pseudomolecular ion at m/z 317 [M+Na]". Also, a molecular ion peak appeared in
the negative ion mode at m/z 293. MS? spectrum of the negative ion mode showed a fragment
ion at m/z 275 [M-H-OH,]". Also, radical ions were observed at m/z 121 and 97
corresponding to (CgHi1) and (C;Hi3), respectively, due to the observed cleavage at the
conjugated triene [23]. Furthermore, compound (20) was tentatively identified as hydroxy
palmitic acid. The ESI-MS spectrum revealed a molecular ion peak at m/z 271 [M-H] and

displayed fragment ion at m/z 225 [24].
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Fatty amides

Compound (19) was tentatively identified as linoleamide. The ESI-MS spectrum showed a
molecular ion peak at m/z 280 [M+H]". The MS? spectrum displayed fragment ions at m/z
263 and 245 corresponding to [M+H-NH3]" and [M+H-NHs-H,0]", respectively. Also, a
fragment ion is observed at m/z 95 [25]. Moreover, compound (21) showed a molecular ion
peak at m/z 256 [M+H]*. The MS? spectrum displayed fragment ions at m/z 102 and 88
corresponding to [M+H-C11H2,]" and [M+H-C11H2,-CH,]", respectively. Also, a fragment ion
was observed at m/z 43 corresponding to (CsH;). Thus, compound (21) was tentatively
identified as palmitamide [26]. Furthermore, compound (22) was tentatively identified as
oleamide. A molecular ion peak was observed at m/z 282 [M+H]". The MS? spectrum
displayed fragment ions at m/z 265 and 247 corresponding to [M+H-NHs]" and [M+H-NHj-
H,0]", respectively [26]. Additionally, compound (25) displayed a pseudomolecular ion
[M+H]" at m/z 284. The MS? spectrum revealed fragment ions at m/z 130, 116, 102 and 71.
Thus, the compound was tentatively identified as octadecanamide (stearamide) [27].
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