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Abstract: Phytochemical investigation of the ethanolic extract of the aerial parts of Sisymbrium
irio L. led to the isolation of four unsaturated fatty acids (1-4), including a new one (4), and four
indole alkaloids (5-8). The structures of the isolated compounds were characterized with the help
of spectroscopic techniques such as 1D, 2D NMR, mass spectroscopy and by correlation with the
known com-pounds. In terms of their notable structural diversity, molecular docking approach
with the AutoDock 4.2 program was used to analyze the interactions of the identified fatty acids
with PPAR-y and the indole alkaloids with 5-HT;a and 5-HT»a, subtypes of serotonin receptor,
respectively. Compared to the antidiabetic drug rivoglitazone, compound 3 acted as a potential
PPAR-y agonist with binding energy -7.4 kcal mol-1. Moreover, compound 8 displayed the
strongest affinity, with binding energies of -6.9 kcal/mol to SHT4, and -8.1 kcal/mol to SHT:a,
using serotonin and the antipsychotic drug risperidone as positive controls, respectively. The
results of docked conformations represent an interesting target for developing novel antidiabetic
and antipsychotic drugs and warrant further evaluation of these ligands in vitro and in vivo. On
the other hand, an HPTLC method was developed to quantify a-linolenic acid, in the hexane
fraction of the ethanol extract of S. irio. The regression equation/correlation coefficient (r2) for
linolenic acid was found as Y= 6.49X + 2310.8/ 0.9971 in the linearity range of 100-1200
ng/band. The content of a-linolenic acid in S. irio aerial parts was found to be 28.67 ug/mg of
dried extract.

Keywords: Sisymbrium irio; unsaturated fatty acids; indole alkaloids; molecular docking;
HPTLC standardization
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Figure S1. Chemical structures of the isolated compounds (1-8) from Sisymbrium irio L.
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Figure S2. 'H NMR spectrum of compound (4) (500 MHz, CD30D).
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Figure S3. *C NMR spectrum of compound (4) (125 MHz, CD;0D)
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Figure S4. DEPT '3C NMR spectrum of compound (4) (125 MHz, CD30OD)
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Figure S5. '"H-'3C HSQC spectrum of compound (4) (500 MHz, CD3OD)
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Figure S6. 'H-'H COSY spectrum of compound (4) (500 MHz, CD3OD)
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Figure S7.'H-'3C HMBC spectrum of compound (4) (500 MHz, CD30D)
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Figure S8. A) Positive Mode, B) Negative mode HRESIMS of compound (4).
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Table S1. 'H (500 MHz) and "*C (125 MHz) NMR data of compounds 1, 2 and 3.

No. 1? 22 3b
Ou dc Ou d¢ dn e

1 - 180.0 - 179.9 - 177.7
2 2.36,t(7.5Hz) | 34.1 2.33,¢t(7.6 Hz) | 34.1 2.26,t (7.5 Hz) 34.9
3 1.66, m 24.7 1.61, m 24.7 1.58, brt (7.0 Hz) 26.0
4 1.32-1.41, m 28.8 1.35-1.37, m 29.0 1.34, m 30.1
5 1.32-1.41, m 294 1.35-1.37, m 29.1 1.34, m 30.5
6 2.08, m 27.1 1.35-1.37, m 29.2 1.34, m 26.4
7 539, m 130.0 1.35-1.37, m 29.6 1.5, m 38.2
8 535, m 127.2 2.04-2.08, m 27.2 4.04,dd (12.1, 6.3 Hz) | 73.0
9 2.82,m 25.7 2.31-5.40, m 130.2 5.58,dd (9.3, 5.6 Hz) 136.5
10 537, m 128.3 5.31-5.40, m 127.8 5.58,dd (9.3, 5.6 Hz) 130.9
11 538, m 128.5 2.78, m 25.6 3.91,t(5.8 Hz) 76.5
12 2.82, m 25.7 5.31-5.40, m 128.21 341, m 75.7
13 537, m 128.1 5.31-5.40, m 128.24 1.49, m 33.0
14 5.40, m 132.1 2.78, m 25.5 1.34, m 26.5
15 2.09, m 20.7 5.31-5.40, m 127.1 1.34, m 30.3
16 0.99,¢(7.6Hz) | 144 5.31-5.40, m 131.9 1.34, m 335
17 - - 2.04-2.0,8 m 20.5 1.34, m 23.7
18 |- _ 0.95¢ (7.6 Hz) | 14.3 0.89, t (6.9 Hz) 14.5

2in CDCl3, ® in CD30D



Table S2. 'H (500 MHz) and "*C (125 MHz) NMR data of compounds (5-8).

No. 52 62 7a P
Su d¢ Ou d¢ Su d¢ On d¢

1 8.27,brs - - - - - 11.00, s -

2 7.26,brs 1229 | 7.26,s 122.3 | 8.05,s 129.6 | 7.23,s 124.2
3 - 104.8 | - 1003 | - 1029 | - 109.6
4 7.63,brd(5.1Hz) | 1182 | 7.58,d (8.0 Hz) | 118.3 | 8.20,d (7.8 Hz) | 122.0 | 7.56,d (7.6 Hz) 118.4
5 7.23, m 1204 | 7.20,t(7.8 Hz) | 1203 | 7.28, m 122.9 | 7.22,t(7.8 Hz) 118.3
6 7.30, m 123.0 | 7.33,t(7.6 Hz) | 123.1 | 7.32, m 123.8 | 7.34,t (7.8 Hz) 120.9
7 7.44,brd (53 Hz) | 111.7 | 7.48,d (8.3 Hz) | 108.5 | 7.47,d (8.0 Hz) | 123.8 | 7.46,d (7.8 Hz) 111.4
8 - 1364 | - 1322 | - 1323 | - 136.4
9 - 126.1 | - 122.3 | - 1232 | - 127.3
10 3.88,s 145 | 3.76,d(1.0Hz) | 134 | - 169.8 | 2.97,dd (15.0, 8.9 Hz) 27.1

3.33,dd (15.0, 3.0 Hz)

11 - 1183 | - 118.0 | - - 347, q 54.8
12 - - - - - - - 170.4
1-OCHs | - - 4.06, s 659 | 4.16,s 66.9 - -

2in CDCl3, ® in DMSO-ds



Table S3. Binding parameters for the interaction of S. irio compounds (1-4) with PPAR-y.

Bond Binding Binding
Compounds Interacting residues Type of interaction length affinity energy (AG,
A) (Kb, M) | Kkcal mol™)
TYR*3:0H - LIG:007 Hydrogen Bond 2.9378
CYS?35:SG - LIG Hydrogen Bond (Pi-Donor; Pi-S) | 3.6087
SER*:0G - LIG Hydrogen Bond (Pi-Donor) 3.6789
ILE*:CG2 - LIG Hydrophobic (Pi-Sigma) 3.4965
ILE*:CG2 - LIG Hydrophobic (Pi-Sigma) 3.8057
MET3#%:SD - LIG Pi-Sulfur 5.8190
MET3*%:SD - LIG Pi-Sulfur 5.4093
Rivoglitazone MET?**:.SD - LIG Pi-Sulfur S 4.9310
(Control) HIS* - LIG Hydrophobic (Pi-Pi T-shaped) 45987 | 1.03x10° |-8.2
GLY?#:C,0;CYS285:N - LIG Hydrophobic (Amide-Pi Stacked) | 4.8341
GLY?#:C,0;CYS285:N - LIG Hydrophobic (Amide-Pi Stacked) | 4.3730
CYS?:C,0;GLN286:N - LIG Hydrophobic (Amide-Pi Stacked) | 4.5366
LIG - CYS5 Hydrophobic (Pi-Alkyl) 42320
LIG - LEU® Hydrophobic (Pi-Alkyl) 4.9590
LIG - CYS? Hydrophobic (Pi-Alkyl) 49173
LIG - CYS? Hydrophobic (Pi-Alkyl) 5.2276
LIG:H - HIS*:NE2 Hydrogen Bond 2.4867
ALA?? - LIG:C Hydrophobic (Alkyl) 3.4493
Compound 1 | LIG:C - MET?? Hydrophobic (Alkyl) 4.0086 | 8.21x10* |-6.7
LIG:C - ILE®¢ Hydrophobic (Alkyl) 5.1961
PHE?* - LIG:C Hydrophobic (Alkyl) 5.1188
LIG:H - HIS*:NE2 Hydrogen Bond 2.1468
LIG:C - MET?* Hydrophobic (Alkyl) 4.0600 .
Compound2 | 145 Ly Hydrophobic (Alkyl) 40381 | 227100 |60
ARG?8:HH21 - LIG:O Hydrogen Bond 2.4563
LIG:H - MET**:0 Hydrogen Bond 2.1401
LIG:H - CYS*%:0 Hydrogen Bond 2.4391
Compound 3 | LIG:H - CYS?*%:0 Hydrogen Bond 27598 | 5 68 x 105 | .74
LIG:H - SER*:0G Hydrogen Bond 1.9331 : :
LIG:C - ILE®! Hydrophobic (Alkyl) 4.9626
LIG:C - CYS? Hydrophobic (Alkyl) 42712
PHE?? - LIG:C Hydrophobic (Pi-Alkyl) 5.0299
LIG:H - CYS?%:0 Hydrogen Bond 2.2347
LIG:H - SER**°:0G Hydrogen Bond 2.2557
Compound 4 | LIG:C - PHE?*? Hydrophobic (Pi-Sigma) 3.7546 208 x 10° | -6.1
ALA22 - LIG:C Hydrophobic (Alkyl) 40011 | = :
LIG:C - ILE??* Hydrophobic (Alkyl) 4.3909
LIG:C - MET?® Hydrophobic (Alkyl) 4.3335




Table S4. Binding parameters for the interaction of SI compounds (5-8) with 5-HT Serotonin receptor.

Bond Binding Binding
Compounds Interacting residues Type of interaction length affinity (Aez}erkgcyal
-1 9
CVR IO T Iy
LIG:H - ASP116:0D2 Hydrogen Bond 2.1429
LIG:H - TYR390:0H Hydrogen Bond 2.2678
LIG:H - VAL117:0 Hydrogen Bond 2.6567
Serotonin LIG:H - THR121:0Gl1 Hydrogen Bpndl . 1.7918
(Control) LIG - PHE361 Hydrophob¥c (P¥—P1 T-shaped) 54126 | 298 x10* | -6.1
LIG - VAL117 Hydrophobic (Pi-Alkyl) 4.1815
LIG - VAL117 Hydrophobic (Pi-Alkyl) 4.8280
LIG - ILE189 Hydrophobic (Pi-Alkyl) 4.8306
ASP116:0D1 - LIG Electrostatic (Pi-Anion) 4.2645
CYS120:SG - LIG Hydrogen Bond; Pi-Sulfur 3.6947
CYS120:SG - LIG Hydrogen Bond 3.9737
Compound S | oips61 - LIG Hydrophobic (Pi-Pi Stacked) 38159 | #94~ 10° | -6.4
LIG - PHE361 Hydrophobic (Pi-Pi Stacked) 4.6029
SER199:HG - LIG:N Hydrogen Bond 2.9146
VAL117:CG2 - LIG Hydrophobic (Pi-Sigma) 3.9579
PHE361 - LIG Hydrophobic (Pi-Pi- T-shaped) 5.4102
Compound 6 | ;157 At 117 Hidroghobic (Pi-Alkyl) b 46753 | 494100 |64
LIG - CYS120 Hydrophobic (Pi-Alkyl) 5.4746
LIG - ILE189 Hydrophobic (Pi-Alkyl) 5.1247
VALI117:CGlI - LIG Hydrophobic (Pi-Sigma) 3.8512
Compound 7 VAL117:CG2 - LIG Hydrophobic (Pi-Sigma) 3.5275
CYS120:SG - LIG Pi-Sulfur 5.4857 | 5.85x10* | -6.5
LIG - ILE189 Hydrophobic (Pi-Alkyl) 5.1373
PHE361 - LIG Hydrophobic (Pi-Pi T-Shaped) 5.6271
LIG:H - THR196:0Gl1 Hydrogen Bond 2.0887
LIG - ILE189 Hydrophobic (Pi-Alkyl) 5.2779
Compound 8 LIG - ILE189 Hydrophobic (Pi-Alkyl) 5.0783
LIG - LYS191 Hydrophobic (Pi-Alkyl) 5.0050 | 1.15x10° | -6.9
LIG - ALA365 Hydrophobic (Pi-Alkyl) 4.0099
LIG - ALA365 Hydrophobic (Pi-Alkyl) 4.9989
LIG - PRO369 Hydrophobic (Pi-Alkyl) 5.2075




Table S5. Binding parameters for the interaction of S. irio compounds (5-8) with 5-HT»4 serotonin receptor.

B - Binding
ond Binding
Compounds Interacting residues Type of interaction length affinity Aegerkgy |
D | oMy | AG ke
mol™)
SER131:HG - LIG:O Hydrogen Bond 2.6074
SER159:HG - L1IG:O0 Hydrogen Bond 2.4294
ASN363:0D1 - LIG:F Halogen (Fluorine) 3.1479
VAL366:CGl1 - LIG Hydrophobic (Pi-Sigma) 3.6065
LIG:C - TRP336 Hydrophobic (Pi-Sigma) 3.9469
PHE340 - LIG Hydrophobic (Pi-Pi T-shaped) 4.7850
. VAL366 - LIG Hydrophobic (Alkyl) 4.5414
Resperidone | 15 11 E163 Hydrophobic (Alkyl) 49503 | 452 x 10° | -11.8
(Control) | pyypo43 - LIG Hydrophobic (Pi-Alkyl) 5.2906
PHE332 - LIG Hydrophobic (Pi-Alkyl) 5.0258
TRP336 - LIG Hydrophobic (Pi-Alkyl) 3.9891
PHE339 - LIG Hydrophobic (Pi-Alkyl) 4.7884
PHE340 - LIG Hydrophobic (Pi-Alkyl) 4.9599
LIG - VAL156 Hydrophobic (Pi-Alkyl) 5.2296
LIG - VAL366 Hydrophobic (Pi-Alkyl) 4.3423
SER242:CB - LIG:O Hydrogen Bond 3.2287
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 4.8511
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 5.2185
PHE340 - LIG Hydrophobic (Pi-Pi T-shaped) 4.7955
Compound 5 | LIG - PHE340 Hydrophobic (Pi-Pi T-shaped) 49036 | 3.17x10° | -7.5
SER159:C,O;THR160:N - LIG | Hydrophobic (Amide-Pi Stacked) | 5.0640
SER159:C,O;THR160:N - LIG | Hydrophobic (Amide-Pi Stacked) | 4.2381
LIG - VAL156 Pi-Alkyl 5.2206
LIG - ILE163 Pi-Alkyl 5.4933
LIG:H - ASP155:0D1 Hydrogen Bond 2.7722
LIG:H - ASP155:0D1 Hydrogen Bond 2.9163
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 4.8407
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 5.1446
Compound 6 | PHE340 - LIG Hydrophobic (Pi-Pi T-shaped) 4.6742 | 2.68x10° | -7.4
LIG - PHE340 Hydrophobic (Pi-Pi T-shaped) 5.0964
SER159:C,0;THR160:N - LIG | Hydrophobic (Amide-Pi Stacked) | 4.3727
SER159:C,0;THR160:N - LIG | Hydrophobic (Amide-Pi Stacked) | 5.0037
LIG - VAL156 Hydrophobic (Pi-Alkyl) 5.0507
SER159:HG - LIG:N Hydrogen Bond 2.2083
LIG:H - THR160:0G1 Hydrogen Bond 2.3250
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 4.8647
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 5.3392
Compound 7 | PHE340 - LIG Hydrophobic (Pi-Pi T-shaped) 49159 |2.60x10° |-7.3
LIG - PHE340 Hydrophobic (Pi-Pi T-shaped) 5.1237
LIG - VAL156 Hydrophobic (Pi-Alkyl) 5.1553
LIG - ILE163 Hydrophobic (Pi-Alkyl) 5.2300
LIG:H - ASP155:0D1 Hydrogen Bond; Electrostatic 2.0674
LIG:H - THR160:0G1 Hydrogen Bond 2.5404
LIG:H - TYR370:0H Hydrogen Bond 2.8946
LIG:H - ASP155:0D1 Hydrogen Bond 3.0856
LIG:H - ASP155:0 Hydrogen Bond 2.9126
Compound 8 | TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 4.8475 |2.68x10° | -8.1
TRP336 - LIG Hydrophobic (Pi-Pi T-shaped) 5.3792
PHE340 - LIG Hydrophobic (Pi-Pi T-shaped) 49113
LIG - PHE340 Hydrophobic (Pi-Pi T-shaped) 5.0152
LIG - VAL156 Hydrophobic (Pi-Alkyl) 5.3190
LIG - ILE163 Hydrophobic (Pi-Alkyl) 5.0990
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Figure S9. Bioavailability radar representations of the isolated compounds (1-8) from Sisymbrium irio L. The pink area represents the optimal range for oral

bioavailability and the red line represents the optimal physicochemical properties for oral bioavailability properties.
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Figure S11. Chromatogram of HPTLC analysis of linolenic acid in hexane extract of S. irio (aerial parts) [mobile phase: acetone: n-hexane: acetic
acid (25:75:0.1, v/v/v)]. (A) HPTLC chromatogram of standard linolenic acid (Rf= 0.57 + 0.004) at Amsx = 540 nm; (B) Pictogram of derivatized
TLC plate in day light; (C) HPTLC chromatogram of S. irio hexane extract (linoleic acid, spot 8, Rr= 0.57); (D) Spectral comparison of all
tracks at 540nm.



