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Abstract

Two novel steroidal saponins, trilliumosides K (1) and L (2) were isolated from the rhizomes
of Trillium govanianum led by bioactivity-guided phytochemical investigation along with
seven known compounds govanoside D (3) protodioscin (4), borassoside E (5), 20-
hydroxyecdysone (6), 5,20-hydroxyecdysone (7), govanic acid (8) and diosgenin (9). The
structure of novel compounds 1-2 were established using analysis of spectroscopic data
including 1D, 2D NMR and HR-ESI-MS data. All isolated compounds were evaluated for in-
vitro cytotoxic activity against a panel of human cancer cell lines. Compound (1) showed
significant cytotoxic activity against A-549 (Lung) and SW-620 (Colon) cancer cell lines
with 1C50 values of 1.83 & 1.85 uM, whereas compound (2) 1C50 value against A-549 cell
line was found to be 1.79 uM respectively. Among previously known compounds (3), (5) and
(9) their cytotoxic IC50 value was found to be in the range of 5-10 uM. Comprehensive
anticancer investigation revealed that compound (2) inhibited in-vitro migration and colony
forming capability in the A-549 cell line. Additionally, the mechanistic analysis of compound
(2) on the A-549 cell line indicated distinctive alterations in nuclear morphology, increased
reactive oxygen species (ROS) production, and decreased levels of mitochondrial membrane
potential (MMP). By upregulating the pro-apoptotic protein BAX and downregulating the

anti-apoptotic protein BCL-2, the aforementioned actions eventually cause apoptosis, a



crucial hallmark in cancer research, which activates Caspase-3. To the best of our knowledge,
this study reports the first mechanistic anticancer evaluation of the compounds isolated from
the rhizomes of Trillium govanianum with remarkable cytotoxic activity in the desired

micromolar range.

Keywords: Trillium govanianum, Saponins, Steroidal glycosides, A-549, BAX, BCL-2,
cytotoxicity.
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Figure S1. '"H NMR (400 MHz, CD;0D) of compound TG 07 B3
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Figure S2. 3C NMR (400 MHz, CD3;0D) of compound TG 07 B3
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Figure S3. DEPT Spectra of compound TG 07 B3
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Figure S5. HMBC Spectra of compound TG 07 B3
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Figure S6. COSY Spectra of compound TG 07 B3

Dec24-2021
TG-07(83) (NOESY)

el s

0.5

L b

3

5

6

-8

-9

T T T T T T T T T T T T T T T T T T T

90 85 80 75 70 65 60 55 50 45 4.0 30 25 20 15 1.0 05 0.0
f2 (ppm)

Figure S7. NOESY Spectra of compound TG 07 B3

0.0

1 (ppm)

f1 (ppm)



TEST_1 04-Nov-2023
18:09:58
XEVO-G2XSQTOFZNotSet
04112023_29 31 (0.620) 1: TOF MS ES+
100+ 354 2866 252e5
231.1002
256.1662
1131072
212.8521
375.2133
196 8780 1032.5460
279.0938)
430.7677
4467611 5101808 1064.5568
566.7189.
550.743:
612.1794 702 5441
§38.5870
740 6172 f
860.5587 1223 4204 1328.4487
0+ miz
100 200 300 400 500 500 700 800 900 1000 1100 1200 1300
Figure S8A. LC/MS of Compound 1
TEST_1 07-Nov-2023
13:00:02
XEVO-G2XSQTOF£NotSet
04112023_29 6 (0.138)
100+ 1066 5751
1064 5568
1067 5693
=]
1065.5496
1062 5331
10635328
1067 4851
1061.5321 1068.5479
1068 6414
10602982 1p61 2980 1062 4518 | 1062.6322 10536627 10646786 1066.3071 1066.7123 1067.6925
‘| | 3 ( - 1069 0804
oL I . (1N . 1 T I 1 L ; I . Ll T | TR
1060 1061 1062 1063 1064 1085 1086 1067 1068 1069

Figure S8B. LC/MS of Compound 1.



IIIM GCMS ANALYSIS REPORT

Sample Information
Analyzed by : ADMIN
Analyzed : V27/2022 12:05:44 AM
Sample Type : Unlmown
Sample Name : TG+09
Sample Amount 1
Vial# 4
Injection Volumne 0.50
Data File : DAGCMS DATALIQUIDJAN 2022125.01.2022125.01.2022 BHARTI03S.qzd
Method File : D:\GCMS METHOD'GCMS-GENERAL AMIT l.ggm
Tuning File : D:\Tuning! Tuning-NA{-F1 18.01.2022 qgt
Modified by : Admin
Modified : 1/27/2022 12:50:36 AM

Chromatogram TG+09 D\GOMS DATALIQUIDVAN 2022125.01.2022125.01.2022 BHARTI035.qed

4500000045882 892

40000000
350000007
30000000
250000001
20000000
15000000
10000000
50000004
0 T
40 100
Peal# RTime Area
1 23215 111246953
2 23.627 26047880
3 25.939 99084960
< 26.130 73864469
5 30.530 113234727
6 32054 915066032
7 32204 110910512

Area% Height
6.60 45790083
189 10498744

1479 27692680

11.02 21246385

16.90 31488565

23.66 31798909

16.55 37520918

2 meth tnacetate
95 Acetyl 2 3 4-m-O-acetyl-6-deoxy- alpha -D-glucopyranoside
92 115.05 Tetraacetyl .beta -l-rthamnose
97 Methyl 23,4 6-tetra-O-acetyl- beta -D-glucopyranoside
94 beta.-D-Galactopyranose, pentaacetate
93 beta -D-Glucopyranose pentaacetate

Figure S9. GC/MS analysis of compound 1 (TG 07 B3)

[ | //////} ”/’ /// F3E+08

TANNHOONONOVONMOOVYTNHOTOTMETHAIMTMMN
NNIIIMMMANAHOANNNONNANNCOOOOGO QX
R N R e N N-R-N-
o ————— T\ e ee———

> 4E+08

[ 3E+08

3E+08

3E+08

r3E+08

[ 2E+08

[ 2E+08

2E+08

2E+08

2E+08

r1E+08

[ 1E+08

[ 1E+08

[ 8E+07

6E+07

r4E+07

r2E+07

T
4.5 4.0

3.5
f1 (ppm)



Figure S10. *H NMR (400 MHz, CD;0D) of compound TG 09

~4E+08
4E+08

3E+08

2E+08

[ 2E+08

2E+08

1E+08

[ 5E+07
r0

-5E+07

.v.-vhﬁ
.no.w.nW
v1'8T

00°CHT —

Dec06-2021

TG-09

150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

160

Figure S11. *C NMR (400 MHz, CD3;0D) of compound TG 09
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Figure S12. DEPT Spectra of compound TG 09
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Figure S14. HMBC Spectra of compound TG 09
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Figure S16. NOESY Spectra of compound TG 09
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Figure S17. HR-ESIMS of compound TG 09

IITM GCMS ANALYSIS REPORT

Sample Information
Analyzed by : ADMIN
Analyzed : 1/26/202211:14:29 PM
Sample Type : Unknown
Sample Name : TGOT(B3)
Sample Amount :1
Vial# : 3
Injection Volumne : .50
Data File : DAGOMS DATALIQUIDAWTAN 2022125.01.202525.01.2022 BHARTIO34.qzd
Method File : DAGONS METHODNGCMS-CENERAL AMIT Lgzm
Tuming File : D\ Tuning Tuning-NAL-F1 18.01.2022 ggt
Modified by : Admin
Modified : 1/26/202211:59:21 PM

Clromatogram TG-07(B3) DAGCMS DATANIQUIDH AN 202212501 2022425 01 2022 BHARTIS4.qad

o
76,596,514
50000000
0b— . -
40 10.0
Peak# R Time Area Ares®;  Height
1 23215 231224721 2846 76755223 23 Acetyl 2.3 4-tri-O-acetyl-6-decry- alpha -D-gucopyrencsid
2 23635 55669651 685 18773884 95 alpha 1 Talopyranoside, methyl 6-deoxy-, triscetate
3 25931 84146420 1036 23296999 95 Metind 2.3 4-41i-O-acetyl-6-dacory- alpha -D-ghicopyranosid
4 26126 63098359 777 18205988 23 Acetyl 23 4-ri-O-acetyi-6-decery- beta -D-glucopyranoside
5 26.202 4369319 13.54 1550231 38 Tetraacetyl beta -thamnose
6 25530 3965018 049 1363282 94 alpha -D-Xylopyranose, tefraacetate
7 32047 71127361 1875 25857099 a5 betaD-Galactopyranose, pentaacetate
s 32200 99974618 1230 35119152 23 beta -D-Glucopyranose pentascetate

Figure S18. GC/MS analysis of compound TG 07 B3
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Figure S21. *HNMR spectrum of compound 4 (TG-04) (CDsOD, 500 MHz)
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Figure S31. 'HNMR spectrum of compound 9 (TG-06) (CDsOD, 500 MHz)
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Table 1: Growth inhibitory effect of Extracts and enriched fractions against different

cancer cell lines

Human cancer cell lines

Breast | Breast | Colon | Colon | Lung | Pancreatic | Prostate
Extract conc.

& (gmL) | MCF- TA[;/_A‘ HCT-| SW- | A- MIA oC.3

Fractions | (Hd 7 »3 | 116 | 620 | 549 | PaCa-2

Growth Inhibition (%)

TG-E1 100 16.88 | 28,55 | 11.83 | 10.97 | 12.49 ND ND
50 5.24 11.87 | 839 | 3.22 | 456 ND ND
TG-E3 100 48.22 | 40.28 | 7291 | 55 | 6646 30.87 67.75
50 23.07 | 18.76 | 50.73 | 58.87 | 35.07 15.74 52.26
TG-EF 100 60.22 | 58.22 |86.66 | 9199 | 9630 68.87 85.99
50 4540 | 34.78 | 76.77 | 75.39 | 82.78 42.48 66.55




Table 2: SRB assay-based screening results. **ICso values (LM) of compounds on panel of
different human cancer cell lines and normal cell line.

ICs0 (UM)x SD

Com | A- HCT- | MCF- | MD Mia SW- | PC-3 | SHS | HOP-
pd 549 116 7 A- | PaCa-2 | 620 Y-5Y 62
MB

231
fR2

1 1.83+ | 291+ | 440+ | 1.90+| 194+ | 185+ | 3.18 | 243 | 1.92+ | 13.75
0.54 0.50 0.33 | 0.26 0.24 0.52 * * 0.62 | +0.42
0.37 | 0.32

2 1.79+ | 3.47+ | 5.92+ | 9.49+ - 3.18+ | 4.97 - - 10.84
0.47 0.39 0.55 | 0.25 0.40 * +0.35
0.58

3 >50 >50 >50 >50 >50 >50 | >50 | >50 >50 >50

4 2.08+ | 1.95+ | 6.98+ |8.29+| 3.79+ | 1.98+ | 3.77 | 3.33 | 2.65* -
0.56 0.45 0.39 | 0.33 0.49 0.46 + * 0.47
0.52 | 0.26

5 1.50+ | 4.44+ | 415+ | 256+ | 1.69+ | 1.66+ | 1.85 | 4.43 | 1.85¢ | 2.71+
0.62 0.57 0.47 | 0.33 0.45 0.38 * + 0.57 0.23
0.43 | 0.44

6 >50 >50 >50 >50 >50 >50 | >50 | >50 >50 -

7 30.46 >50 29.40 | >50 >50 >50 >50 >50 >50 -
+ +0.37

8 >50 >50 >50 >50 >50 >50 | >50 | >50 >50 -

9 3295 | >50 38.99 | >50 | 33.26+ | >50 | >50 | >50 >50 -

+ +0.63 0.57
0.43
CPT | 0.030 | 0.160+ | 0.147 | 0.125 | 0.060+ | 0.093 | 0.17 - 0.065 -
+0.04 | 0.23 +0.13 | +0.03 | 0.02 | +0.03 | 0+0. +0.04
03
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