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Abstract: Ma-Xing-Shi-Gan Decoction is a classic prescription. However, the interaction among multiple
components of the decoction and the change of phase state are not clear. Moreover, the relationship between the
physical phase state aggregated by multiple components and the efficacy still needs to be studied. In this study, we
monitored the particle size changes of Ma-Xing-Shi-Gan Decoction in real time. Then we isolated different phase
states by centrifugation, analyzed their composition distribution and tested their antibacterial activity. We added
chemical interference agents to investigate the interaction of multi-component physical phase states accompanied
by the observation of particle size change and morphology. We also studied the correlation between antibacterial
activity and physical structure of phase states. The results showed during boiling process the degree of hybridization
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of particles was decreased and the particle size distribution was narrowed and stabilized at 170 nm. The distribution
of organic and inorganic components was heterogeneous among different phase states. S-13500, supernatant isolated
by 13 500 xg centrifugation, constituted by ephedrine, amygdalin, glycyrrhizic acid and inorganic components Ca,
K, Mg, etc., had the strongest antibacterial activity. The molecular interaction force in the active physical phase
state was mainly hydrophobic and hydrogen bond. The destruction of the interaction force will lead to the change
of phase structure and the decrease of antibacterial activity in vitro and in vivo. This study confirms that, in the boiling
process of the Ma-Xing-Shi-Gan Decoction, the chemical components interweave and interact to form new physical
phase states, leading to heterogeneous distribution of components. The antimicrobial activity of the active phase
depends on both chemical composition and physical structure, which provides a direct evidence for the physical

basis of the efficacy of traditional Chinese medicine.
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2% e N A L2 H ;M R EE (HPLC 4, Thermo
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LB [E {5 77 AR o K 5 2 B T 37 °CHE IR 7746
BRIk H s F IR L

HEFHMFIR AR AT S A

I A 55 A0 25 T PR 6T &5 4 T 2 A e i, DL Sz o
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Figure 1 Size distribution (NTA) of decoction during boiling
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Figure 2 Organic composition analysis of different phase states
by HPLC with double-wavelength detection. A: 207 nm; B: 237 nm.
a: Standard solution; b: Crude aqueous filtrate (F); c: Precipitate
isolated by 5 000 xg centrifugation (P-5000); d: Supernatant isolated
by 13 500 xg centrifugation (S-13500); e: Precipitate isolated by
13 500 xg centrifugation (P-13500). 1: Ephedrine hydrochloride;
2: Amygdalin; 3: Glycyrrhizic acid
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Figure 3 Metallic element content of different phase states

Table 1 Normalized abundance of metallic element of different
phase states. n = 3, X £ s

Metallic Fl% S-13500/%  P-5000/%  P-13500/%

element
Na  7.92+057 1035+018 627+018 1017017
Mg  893+0.4 1205+028 548+013 6.72+0.16
K 3742+136 4875+279 19.86+1.03 24.20+0.94
Ca  4468+027 2813+2.38 6209+101 5549+125
Fe 0884004 050+001 554+018 2.31+0.04
Cu  002+000 002+000 012+0.00 0.9 0.05
Zn  014+000 020+001 065+001 1.03+001
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Figure 4 Components of Ma-Xing-Shi-Gan Decoction against
four different bacteria
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Figure 5 The appearance, size determined by NTA, and morphology by TEM of S-13500 after adding chemical interfering agents,
Tween 20, NaCl, and urea. A: Optical images of each sample. 1: S-13500 + ultrapure water; 2: S-13500 + Tween 20; 3: S-13500 + NaCl; 4:
S-13500 + urea; 5: Ultrapure water; 6: Tween 20; 7: NaCl; 8: Urea; B: Size changes of each group after different treatments. n = 3, X £ s.
“"P <0.001 vs S-13500 group; C: The morphology of nanoparticles determined by TEM. i: S-13500; ii: S-13500+Tween 20; iii: S-13500 +

NaCl; iv: S-13500 + urea. The scale bars were 200 nm
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Figure 6 The in vitro and in vivo antimicrobial assay. A: The antimicrobial activity of S-13500, and interfered by Tween 20, NaCl and
urea. 1: S-13500; 2: S-13500 + Tween 20; 3: S-13500 + NaCl; 4: S-13500 + urea; 5: Control (S. aureus suspension); 6: Tween 20; 7: NaCl;
8: Urea. B: Survival curves of C. elegans infected by S. aureus after treatments
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