Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2023

Supporting information

In vitro anti-inflammatory, in silico molecular docking model and molecular
dynamic study of oleanane-type triterpenes from aerial parts of Mussaenda
recurvata

Mai Dinh Tri!**, Nguyen Tan Phat!-2, Phan Nhat Minh!-?, Mai Thanh Chi!-?, Bui Xuan Hao?,
Tran Nguyen Minh An** Mahboob Alam® Nguyen Van Kieu®’, Van-Son Dang'$, Tran Thi
Ngoc Mai’, Thuc-Huy Duong?*

!Graduate University of Science and Technology, Vietnam Academy of Science and
Technology, 18 Hoang Quoc Viet, Cau Giay, Ha noi, Vietnam

’Institute of Chemical Technology, Vietnam Academy of Science and Technology, 1A TL29
Street, Thanh Loc ward, District 12, Ho Chi Minh City, Vietnam

3Department of Chemistry, Ho Chi Minh City University of Education, 280 An Duong Vuong
Street, District 5, 748342, Ho Chi Minh City, Vietnam

“Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City, Ho Chi Minh
City 71420, Vietnam

SDepartment of Safety Engineering, Dongguk University, 123 Dongdae-ro, Gyeongju-si
780714, Gyeongsangbuk-do, Republic of Korea

SInstitute of Fundamental and Applied Sciences, Duy Tan University, Ho Chi Minh City,
700000, Vietnam

"Faculty of Natural Sciences, Duy Tan University, Da Nang, 550000, Vietnam

8Institute of Tropical Biology, Vietnam Academy of Science and Technology, 85 Tran Quoc
Toan Street, District 3, Ho Chi Minh City, 700000, Vietnam

Institute of Applied Sciences, HUTECH University, Ho Chi Minh City, Viet Nam, 475A
Dien Bien phu Street, Ward 25, Binh Thanh District, Ho Chi Minh City, Vietnam.

maidinhtri@gmail.com

huydt@hcmue.edu.vn

trannguyenminhan@jiuh.edu.vn



mailto:maidinhtri@gmail.com
mailto:huydt@hcmue.edu.vn
mailto:trannguyenminhan@iuh.edu.vn

Table S1. NMR data of 1-4

N | 1 (DMSO-d¢) 2 (DMSO-d¢) 3 (CD;0D) 3 (DMSO- | 4 (DMSO-dq)
de)
51.[ (J in HZ) 5C 6H (J in HZ) 5C 5H (J in HZ) éc 51.[ (J in HZ) 5H (J in HZ) 5(:
1.49 (1H, m) 1.46 (1H, m)
U | Casamm | 37| 1as (o m) 377 417 39.5
1.45 (1H, m) 1.47 (1H, m)
2 | VaaEm | 255 | 145 0K m) 26.4 27.6 26.6
3.57 (1H, dd, J 3.39 (1H, 3.39 (1H,
3 | 344(1H,m) | 703 | 3.44 (1H, m) 704 | 7200000, 739 | o . 70.5
4 41.8 41.8 44.2 42.7
5 | 1.10(1H,m) | 464 | 1.12 (1H, m) 465 | 118 (}Ig’)d’ = 495 474
1.40 (1H, m) 1.42 (1H, m) 429 (1H, 424 (1H,
6 | imarm | V7| 118 (K m 176 | 441(1H,brs) | 686 | - m 66.2
1.52 (1H, dd, J
7 }'jg SE B 32.0 }’32 gg 2; 32.1 =45,2.5) 412 39.5
: g ’ ? 1.78 (1H, m)
8 38.8 37.8 39.7 38.2
9 [ 150(1H, m) | 47.1 | 1.63 (1H, m) 473 49.3 477
10 36.3 36.3 374 35.9
1.82 (1H, m) 1.86 (1H, m)
1| sanm | 20 180 m) 232 24.5 23.6
121. 530 (1H, t,J = 5.17 (1H, 5.25(1H,
12 | 5.16 (1H, brs) ¢ | 321 (H brs) | 1223 | 58 1239 | ¢ ey 122.5
13 1439‘ 143.8 144.6 142.8
14 414 412 435 416
1.64 (1H, m) 1.50 (1H, m)
15 | goranm | 22| 147 (1 m) 272 28.9 27.9
1.90 (1H, m) 1.50 (1H, m)
16 | Caoarm | 26| 147 (H.m) 273 24.1 273
17 455 447 477 44.8
2.75 (1H
2.74 (1H, dd, 2.89 (1H, dd, J e 2.93 (1H,
18 | 701400, | 408 | 293(Hbrs) | 433 | T 428 j%)] 140, | 4 432
1.60 (1H, m) 3.12 (1H,
19 | g m | 457 3120Hbs) | 801 473 brsy 80.1
20 304 34.9 316 34.9
1.15 (1H, m) 0.91 (1H, m)
20 | Gaem | 32 oss(Hm) 28.6 35.0 28.5
1.60 (1H, m) 1.61 (1H, m)
2 | gaem | 2| D40 m 323 339 324
- 3.38 (1H, 3.40 (1H,
3.34 (1H, m) 3.32 (1H, m) 3.62 (lllHd)d’ 1= m) m)
23 | 308(1H.dd, | 645 | 3.07(IH.d.J | 644 | 3 0y’ o | 668 | 325(IH, 3.25 (1H, 64.1
7=10.0, 4.5) =10.0) BT dd,J=10.0, | dd,J=
: 3.5) 10.0, 3.5)
24 [ 0.53(3H,s) 12.6 | 0.54 3H, s) 125 | 1.09 3H,s) 14.1 | 091 (3H,s) | 0.91 B3H,s) | 13.7
25 | 0.87 3H, s) 15.5 | 0.87 3H, s) 153 | 1.35(H,s) 17.7 | 097 GH,s) | 0.95(3H,s) | 174
26 | 0.723H, s) 16.9 | 0.68 (3H, 5) 168 | 111 (3H,s) 18.8 | 1.22(3H,s) | 122 3H,s) | 16.6
27 | .10 3H,s) 25.6 | 1.25 3H, s) 256 | 1.16 3H,s) 265 | 1.05GH,s) | 1.21 3H,s) | 24.1
28 1786' 179.1 182.0 179.2
29 | 0.87 3H, s) 23.4 | 0.88 3H, s) 241 | 097 (3H,s) 240 | 0.88(3H,s) | 0.88 (3H,s) | 24.6
30 | 0.87 BH,s) 32.8 | 0.84 (3H, 5) 280 | 0.93 (3H,s) 33.6 | 0.88 (3H,s) | 0.84 (3H,s) | 28.1
3- | 413(1H,d,J
OH | =4.5)
19- 448 (1H,d,J 4.48 (1H,
OH =6.0) d, 6.0)
23~ | 438(1H,t,J
OH | =4.5)




Table S2. NMR data of related compounds

Ho”

Scutellaric acid Hederagenin Wiforol G ‘ Soathodic acid 30, 6p, 23ty B e
:::2281_;):;;h::irngolean-12- fg_:,f_‘zg‘f;'i:hg;ffw“"' pathodic ac llexasapagenin A 12-en-28-vic acid bysiriou
No Scutella Hederagenin Wilforol C 3a, 24- 38, 6B, 24- Spathodic Ilexosapogenin A (3B) 3B, 6B, 23- 3B, 6B,19a,, 23-
ric acid (1D) (1A) dihydroxyolean | trihydroxyolean- | acid (2A) trihydroxyolean- tetrahydroxyolean-
(10) -12-en-28-oic 12-en-28-oic 12-en-28-oic acid 12-en-28-oic acid (4)
acid (1B) acid (3A) 3)
[1] 2] 3] [4] [5]16] [7] 8] [9] [10] [11] [11]
DMSO- Pyridine-ds Pyridine-ds Acetone-ds DMS DMS Pyridine-ds DMSO-d; Pyridine-ds Pyridine-ds Pyridine-ds Pyridine-ds
ds O-ds O-ds
+CD
Cly
IH 1H I3C IH I3C IH I3C IH 13C 1H I]C IH I3C IH 13C IH I3C IH I3C IH I3C
3 3.55 4.23 73.5 3.94 75.7 3.88 76.5 3.77 68.8 4.29 72.6 4.23 784 | 430 | 733 [ 431 73.3 4.04 73.3 4.04 73.4
5 48.7 43.6 43.7 48.7 48.7 48.6 48.4 49.3 49.7
6 5.06 66.9 4.85 67.5 4.83 67.9
19 80.1 3.73 81.2 | 3.18 81.2 3.44 81.6
CH,-OH 343 4.18 67.8 3.88 71.3 3.55 71.3 3.65 64.4 4.41 66.4 4.18 63.0 | 4.29 645 | 4.28 67.8 | 4.18 67.1 4.19 67.3
3.19 3.73 3.68 3.44 3.37 4.05 3.73 3.82 3.82 3.83 3.85
CH; 0.68 1.05 13.3 0.79 18.2 0.69 18.3 0.89 1.73 14.1 1.05 229 1.10 13.6 1.10 13.0 1.51 14.7 1.53 14.6
24/23 1.17 1.16
25 0.87 0.97 16.1 0.96 15.8 0.91 16.0 1.05 1.67 16.8 0.97 153 1.19 15.8 1.19 15.8 1.47 17.4 1.48 17.3
26 1.10 1.04 17.7 1.07 17.5 0.97 17.7 0.76 1.63 17.9 1.04 16.6 1.22 17.5 1.22 17.5 1.42 18.6 1.46 18.4
27 1.10 1.26 26.3 1.23 26.2 1.19 26.5 1.14 125 | 256 126 [ 245 | 129 [ 248 | 129 | 248 | 1.06 26.2 1.42 24.8
29 0.87 0.95 334 0.92 333 0.82 33.5 0.89 33.1 0.91 32.6 0.95 28.1 172 28.9 L71 28.9 0.80 33.2 0.99 28.8
30 0.88 1.02 23.9 1.00 23.8 0.94 24.0 0.89 23.6 0.99 23.1 1.02 24.0 24.8 24.8 0.72 23.7 0.92 25.0
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Figure S1. Selected HMBC and NOESY correlations of 1 and 2
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Scutellaric acid (1C)

HO"

Figure S2. Four possible stereoisomers of 1



Spathodic acid (2C)

llexosapogenin A (3B)

Figure S3. Four possible stereoisomers of 2



Spectrum from TRI_MR36_(-)ESIwiff2 (sample 1) - TRI_MR36_(-)ESI, -TOF M3 (70 - 1500} from 0190 min, noise filtered (noise multiplier = 1.5), Gaussian smoothed (0.5 points)
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Figure S4. HRESIMS spectrum of 1.

Mass/Charge, Da
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Figure SS. IR spectrum of 1.
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Figure S6. The 'H-NMR (DMSO-d;, 500 MHz) spectrum of 1.
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Figure S7. The 3C-NMR (DMSO-d, 500 MHz) spectrum of 1.
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Figure S8. The HSQC (DMSO-dj) spectrum of 1
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Figure S9. The HMBC (DMSO-dj) spectrum of 1.
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Figure S10. The NOESY (DMSO-ds) spectrum of 1.



Expanded spectrum
Spectrum from TRI_MR25_{-)ESI.wiff2 (sample 1) - TRI_MR25_[-)ESI, -TOF MS (70 - 1500) from 0.176 min, noise filtered (noise multiplier = 1.5), Gaussian smoathed (0.5 points)
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Figure S11. HRESIMS spectrum of 2.
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Figure S12. IR spectrum of 2.
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Figure S13. The 'H-NMR (DMSO-ds, 500 MHz) spectrum of 2.
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Figure S14. The 3C-NMR (DMSO-dg, 500 MHz) spectrum of 2.
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Figure S15. The HSQC (DMSO-dg) spectrum of 2
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Figure S16. The HMBC (DMSO-dg) spectrum of 2.
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Figure S17. The COSY (DMSO-dg) spectrum of 2.
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Figure S19. Comparison of "H-NMR spectra of 1-4.




| ,| |
L DL ol b L Ly ,LL.\J.J..\.- i, ILL.‘\ Saldba 0L L b ||,£. oL LI Sl Ll L, b

|Jlethll.‘ul‘. J.\ |.|.|.I1 !n....u ill ...ul.ll

180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0

Figure S20. Comparison of *C-NMR spectra of 1-4.
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Figure S21. The radius of gyration of the protein-best pose was calculated using 100-ns MD
simulations.

Table S3. Biological activity of tested compounds on the NO inhibitory activity




Concentration 1 2 3 4 L-NMMA
(png/mL) % NO % % NO % % NO % % NO % % NO %
inhibition | Survival | inhibition Survival | inhibition Survival | inhibition | Survival inhibition Survival
100 46.81 97.86 67.58 44.74 86.01 15.48 44.51 103.77 95.60 82.20
20 35.66 103.48 44.51 97.24 40.66 96.08 2747 106.02 75.38 93.10
4 4.69 36.26 21.43 12.09 19.34
0.8 -8.83 23.08 6.59 7.69 12.77
ICs >100 - 27.15+1.23 - 29.39+1.55 - >100 - 10.24+1.65 -
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Scheme S1. Procedure docking of ligand to receptor based on autodock




