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Abstract: This study investigates whether compounds in Salvia miltiorrhiza Bunge can bind to the Toll like
receptor 4/myeloid differentiation protein 2 (TLR4/MD2) protein complex and exhibit anti-inflammatory activity.
Virtual screening of reported chemical components of Salvia miltiorrhiza Bunge against TLR4/MD2 was
conducted in this study. The selected compound, neoprzewaquinone A (Neo A), was tested for its impact on the
binding of lipopolysaccharide (LPS) to receptors on the cell membrane, its affinity for the protein, its influence on
the dimerization of TLR4 and MD2 in LPS-induced cells, and its effects on the phosphorylation of nuclear
factor-xB (NF-xB) p65 protein and the secretion of inflammatory cytokines in cells. Results indicate that Neo A in
Salvia miltiorrhiza Bunge exhibited the highest virtual binding affinity with TLR4/MD2, with a value
of —12.8 kcal-mol”. Neo A significantly inhibited the binding of LPS to receptors on the cell membrane (P < 0.01).
Moreover, Neo A demonstrated affinity for rhTLR4/MD2, thTLR4, and thMD2, with K, values of 267, 534, and
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228 nmol-L", respectively. Amino acid residues like TYR131 and PHE121 in TLR4/MD2 might play a role in the
alkyl and z-alkyl hydrophobic interactions with Neo A. Neo A also significantly inhibited the dimerization of TLR4
and MD2 in LPS-mediated cells (P < 0.01) and markedly suppressed the phosphorylation of NF-xBp65 protein
(P < 0.05). Furthermore, Neo A significantly or markedly inhibited the secretion of nitric oxide (NO), tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6) and interleukin-14 (IL-15) in LPS-induced cells (P < 0.05, P <
0.01). In conclusion, Neo A exerts its anti-inflammatory effects by binding TLR4/MD2 then disrupting the binding
of LPS to TLR4/MD2. It may serve as a TLR4/MD2 inhibitor with the potential to treat inflammation-related

diseases targeting TLR4/MD2.
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Table 1 Partial results of compounds of Salvia miltiorrhiza Bunge with docking affinity of TLR4/MD2 molecules less than =9 kcal-mol”

FITC-LPS (0.5 pgmL) - +

Compound name Affinity Compound name Affinity
Neoprzewaquinone A -12.8 Dihydrotanshinone I -9.2
2a,3a-Dihydroxyurs-12-en-28-oic acid -9.7 1,2-Dihydrotanshinone -9.1
1,2-Didehydromiltirone -9.5 Methylenetanshinquinone -9.1
Przewalskin A -9.5 Miltirone -9.1
Dehydrouvaol -9.5 1-Ketoisocryptotanshinone -9.0
Salvianolic acid E -9.4 3-Hydroxytanshinone -9.0
4-Methylenemiltirone -9.3 Salvianolic acid N -9.0
2-Isopropyl-8-methylphenanthrene-3,4-dione -9.2 Acthiopinone -9.0

A B
Control 409
ontro g "
E:
5 30-]
E
FITC-LPS § 207
i 104 o
Neo A 0 T T
+FITC-LPS +
%

Figure 1

Neo A (1 pg'mL™)

Laser confocal image (A) and data statistics (B) of the localization of FITC-LPS on RAW264.7 cell membrane by

neoprzewaquinone A (Neo A). Cells were treated with Neo A and/or activated with FITC-LPS for 12 h, the treatment time for subsequent

cell experiments is the same. The samples were observed by laser confocal microscope. Scale bar, 100 um; magnification, x200. n =20, x + s.

*P <0.01 vs control group; P < 0.01 vs FITC-LPS group
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Figure 2 Flow cytometry analysis was used to determine the effect of Neo A on FITC-LPS binding to receptors on the membrane of
RAW264.7 cells. A: Control group; B: FITC-LPS group; C: Neo A+FITC-LPS group; D: Fusion plot; E: Quantitative statistical plot of the
FITC subset. n =3, x + 5. P <0.01 vs control group; P < 0.01 vs FITC-LPS group
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Figure 3 Concentration gradient binding curve of thTLR4/MD2, rhTLR4, rhMD2 with Neo A. The kinetic method was employed to
measure the interaction of Neo A and rhTLR4/MD2 (A), rhTLR4 (B), thMD2 (C). Ka: Association rate constants; Kd: Dissociation rate

constants; K,: Affinity constants. The less K value, the more affinity between compound and tested proteins
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Figure 4 Visualization of the interaction between Neo A, LPS, and TLR4/MD?2. A: Three-dimensional view of the combination of Neo A
and TLR4/MD2. a indicates the TLR4 part of the TLR4/MD2 structure, and b indicates the MD2 part; B indicates a stereogram of the
interaction sites between Neo A and TLR4/MD2; C: Plane diagram of the interaction sites between Neo A and TLR4/MD2; D: Three-
dimensional view of the LPS/TLR4/MD2 complex, where a indicates the TLR4 part of the LPS/TLR4/MD2 complex and b indicates the

MD?2 part; E: Stereogram of LPS/TLR4/MD?2 interaction sites
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Figure 5 Effects of Neo A on the dimerization of TLR4 and
MD?2 in LPS-induced RAW264.7 cells. The co-immunoprecipitation
method was taken to explore the effect of Neo A on the
dimerization of TLR4 and MD2 in LPS-induced RAW264.7 cells.
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Figure 6 Effect of Neo A on phosphorylation NF-xBp65 protein expression in LPS induced RAW264.7 cells. n =3, x £ 5. P < 0.01 vs

control group; "P < 0.05 vs LPS group

A NO B TNF-a

- 5 #H# = 6000

= ##t

§3 & 4000

5 N 3 2000

o B

z1 *$ z *$

1 0 0
LPS(0.5pgml™) - + + + LPS(0.5pgmLT")y - + + +
NeoA (IpgmL) - - + - NeoA(lpgmL?) - - +
DEX (1pgmL") - - - + DEX (1 pgmLl) - - - +

C IL-6 D IL-18

~ 8000 T, 40

Zeoo] 2t ?im 35

24000 S0 =

% 2000 10

=2 kg = 5

0

LPS (0.5pugmL) - + + + LPS (0.5 pgmL) - + + +
NeoA(lpgmL') - - + - NeoA(lpgmL?) - - + -
DEX (1 pgmL?) - - - + DEX (1pgmLY) - - - +

Figure 7 Effects of Neo A on the secretion of nitric oxide (NO, A), tumor necrosis factor-a (TNF-a, B), interleukin-6 (IL-6, C), and
interleukin-14 (IL-18, D) in LPS-induced RAW264.7 cells. n = 3, X £ 5. P < 0.01 vs control group; P < 0.05, “P < 0.01 vs LPS group;

$p<0.01 vs DEX group
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