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Effects of different mixing order on substance form and
antibacterial activity of Huanglian Jiedu Decoction based on
supramolecular Chinese medicine
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Abstract: Chinese medicine supramolecular is an important material form and effective form of Chinese
medicine compound. The form and activity of supramolecular are affected by many factors, and the mixing order is
one of the key factors. In this study, dynamic light scattering (DLS), scanning electron microscopy (SEM),
turbidimeter and Tyndall effect were used to observe the differences of micromorphology and physical properties
of three different groups of Coptidis Rhizoma group + Gardeniae Fructus + Scutellariae Radix (CGS), Coptidis
Rhizoma group + Scutellariae Radix + Gardeniae Fructus (CSG) and Scutellariae Radix + Gardeniae Fructus +
Coptidis Rhizoma group (SGC). The main components of the three groups of decoction were analyzed by high
performance liquid chromatography (HPLC). The antibacterial activity of the three groups of decoction was

preliminarily compared by in vitro Staphylococcus model, and the dynamic formation process of supramolecules in
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the three groups of decoction was preliminarily discussed by molecular dynamics simulation (MDS) technology.

The results showed that different mixing sequences led to changes in the morphology of supramolecular parts of

Huanglian Jiedu Decoction, with significant differences in macroscopic phenomena, electron microscopy, particle

size, potential and turbidity, and significantly affected the original antibacterial activity. In addition, the results of

molecular dynamics simulation also show that the different mixing order of the main components of Huanglian

Jiedu Decoction will significantly affect its self-assembly behavior. This study is to further explore the factors

affecting the formation of supramolecular substance basis of Huanglian Jiedu Decoction, also provides a reference

for the clinical rational administration of Huanglian Jiedu Decoction formula granules.
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Figure 1 Morphology characterization of CGS, CSG and SGC. A: Macroscopic phenomena; B: Turbidity characterization (NTU: Nephelo-

metric turbidity unit); C: Tyndall effect and particle size characterization (PDI: Polymer dispersity index); D: Potential characterization; E:

Scanning electron microscope images. CGS: Coptidis Rhizoma group + Gardeniae Fructus + Scutellariae Radix; CSG: Coptidis Rhizoma

group + Scutellariae Radix + Gardeniae Fructus; SGC: Scutellariae Radix + Gardeniae Fructus + Coptidis Rhizoma group
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Figure 2 Results of the HPLC. A: The HPLC of CGS, CSG
and SGC; B: The HPLC of mixed standard solution composed of
berberine (BBR), baicalin (BA) and geniposide (GPS) and blank

reagent
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Figure 3  [n vitro characterization of antibacterial activity: the
inhibition rates of CGS, CSG, and SGC against Staphylococcus
aureus.n=3,x+s. ' P<0.05, "P<0.01,""P<0.001
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Figure 4 [n vitro antibacterial activity characterization: results
of plate coating of CGS, CSG, and SGC against Staphylococcus

aureus

4 DFRNSFEM

N TR JE R AS [F) U VR & 5 4 1 LA TN
T AT TR T SO R N FE B, T BE AR X BOE MR R
A2 B A R E AN b e A A € ) A ) 45
B E Y T A S (MD) B B IR A A
25 Ak 1 PN AE 23T ML, ok = AN 20 500 088 40 1 T/ i 42
HBEAT T AP BINLHIAR T A SORE 38 3% K B S B ATK
BV AR A 3 K 4 BBR 5 3 %7 /K IV 0 E B AR 4
BA WG F 7K BV H 1) 8 B2 43 GPS 44 AN [R] (14 )i 5
414, 15 %) BBR+GPS+BA .BBR+BA+GPS.BA+GPS+
BBR = H & HARME, 7 MK T CGS.CSG.
SGCH. Fik— oM 7 355 /N 3 B~ A
AN TR NG 17 5 B0 AN 7] 1 2H 28 5 2 A0 AN [R] g 2H.
B E

BBR+GPS 7£ 0 ns I, 731 0 A B AL, KA %8
(K 5A1), &34 50 ns J5, BBR+GPS P i i 55 4 £
BRI i — e B4Rk (B 5A2), 76 L34k - A\ BA
(1 5A3), 50 ns J5, BA LUl AE S Bk — o4
WARZE &, = F A E RN S SO i — P HEAR 31 50 (1 =
TGS T (B 5A4). 1fi BBR 5 BA JGi & 2 R 1)
FEAEH i R AR T BB S G, TRk 1)
Z s T (K 5B2), 7R kAN E NN GPS J5, GPS 5
BBR+BA 1) ~ 7 F KA T R, F BRI NE M
TE U AR, X JE A 114 22 J0 B R BOA A
(KI5B4). L4k, BA S GPS iR GG, WiE Lk — & 4
%, HAE MR E, B i\ BBR, K% BBR £ HHE
LRI 5 7E BA+GPS [ o4 &R (K 5C4).

P g5 SRE W, 122 o AR R, gy TR AN [ VR
H I 42 5o oy 1 2 (B R HES 75 5K 45 A i SR A
179, AT J I AN ) T 245 R 43 T 454 . 4 [l m]



RO UNAE: HE T e 2 0 TR TN [R5 U SR A R U (0 O T 2 BB R A K S - 1953 -

@ R

Figure 5 Molecular dynamics simulation diagrams of BBR+GPS+BA, BBR+BA+GPS, and BA+GPS+BBR at different time points.
A: Molecular dynamics simulation diagrams of BBR+GPS+BA at different time points, Al: 0 ns BBR+GPS, A2: 50 ns BBR+GPS, A3:
50 ns BBR+GPS+BA (BA added on the basis of BBR+GPS), A4: 100 ns BBR+GPS+BA; B: Molecular dynamics simulation diagrams of
BBR+BA+GPS group at different time points, B1: 0 ns BBR+BA, B2: 50 ns BBR+BA, B3: 50 ns BBR+BA+GPS (GPS added on the basis
of BA+BBR), B4: 100 ns BBR+BA+GPS; C: Molecular dynamics simulation diagrams of BA+GPS+BBR group at different time points,
C1: 0 ns BA+GPS, C2: 50 ns BA+GPS, C3: 50 ns BA+GPS+BBR (BBR added on the basis of BA+GPS), C4: 100 ns BA+GPS+BBR

e R A v 4 M AR BV, B4 25 BR A AR B AL
Mo BN, ¥ BBR 5 BA JoiR A i, BA RS i 5 3 ik
5 B 45 A A 0, B GPS NN 5, H BE/E BBR+BA
(1 o oy TR RGP, HOm R FIR SR . AHF
FE R DLIR B NL5 Kf 5 8 43 T~ 2. 2547 Dy, LA F AL R 11
A o5 95 B 5 4 1T g e S AL AT N 2 B I R IR BT AE

it

TRV B G (1 A [ T 8 T AR R VA A S
MBS FE S B . BA AR, 5er4E
AREE MR LG, BRAR 1R 98 K FIORE T LA 357 5 b 5 45 76 240 B
JEL L, K 20 o 5 ., kI ) AR = 25 Y. CGS 4
PUBE TG 1 B AR, $om 1E A2 BT 2 il R R A
N, TR 2 BRI GK R, (63 5 35 S) Fa e BIF T
B, RAFEUN R ER T 9K RORL 5825 5 R AEDUTE
T 7R AL B, CGS 417 BBR+GPS+BA (4> F 5
DR GE R BEIHAT Y &) A P =0l 5 1 45
¥y, TE1Z 45/ HH BALGPS 5 BBR (1) 45 & B OV L, idE
MM fE BBR %) T B B8, 28 3 HEMIX /& 5: 2 CGS 44
WAE M ATERE . i 7E CSG 41 BBR+BA+GPS

@ B

Q@ ors

RIS R 7R, [ BBR 15 BA 45 & %%, H GPS .5
7E N, 5 BBR Mt AR TR LA K #2528, 1 SGC 21 BA+
GPS+BBR 45 #H, BBR /E4MNZHEH, B 2R L5 TEN
J2, BN %S5 KT R ME DL A B G B, D8] b A R v
BFE . ARICHI RIS AL AT AN [E) -4 s AH
A AR — 24 BRI 1 SO PR B R, E R S SO X
LRGSR YN ot

3 ST 180 0 58 S BG 9 AF MOR SCHES AR B SR
B R TSRS S R SRR N A TEE R AR KB T
e B IR T RO SRS S 5N £
WS e Beit 77 58 BB T4 O 4R SR S S AZ .

PRI AT AEE FE AR R RK R

References

[1] Zhao Y, Huang XW, Tang QZ, et al. Research progress of
Huanglian Jiedu Decoction [J]. J Ginseng Res (N Z7F 9%), 2022,
34: 40-44.

[2] Gou F, Zhang HJ, Wang J, et al. Huanglian Jiedu Decoction
alleviates hepatic steatosis and fibrosis in type 2 diabetic rats

through activation of TGF- /S signaling pathway [J]. Shaanxi J



Az,

1954 - 252224k Acta Pharmaceutica Sinica 2025, 60(6): 1948-1954

(3]

(4]

[5]

(6]

[7]

(8]

]

[10]

(]

[12]

[13]

Tradit Chin Med (B VG 41 [%), 2022, 43: 170-176.

He S, He QM. Study on blood lipid metabolism of Huanglian-
jiedu Decoction in treating hyperlipidemia rats [J]. J Yan'an Univ
Med Sci Ed (ZE %2 K5 548 « R RHFR), 2018, 16: 18-21.
Zhang LJ, Mo M, Li B, et al. Preliminary study of Huanglian
Jiedu Decoction and its simulated combination on regulating
blood lipid metabolism in hyperlipidemia model mice [J]. Res
Pract Chin Med (BUAR H 257/ 78 15 52 R), 2022, 36: 23-27.

Wang H, Li T, Xiang HJ, et al. Origin and formation mechanism
investigation of compound precipitation from the traditional
Chinese prescription Huanglian Jiedu Decoction by isothermal
titration calorimetry [J]. Molecules, 2017, 22: 1456.

Chen M, Wang PL, Li T, et al. Comprehensive analysis of
Huanglian Jiedu Decoction: revealing the presence of a self-
assembled phytochemical complex in its naturally-occurring
precipitate [J]. J Pharm Biomed Anal, 2021, 195: 113820.

Pi WM, Han NN, Wu LY, et al. Discovery, traceability, formation
mechanism, metal and organic components analysis of supra-
molecules from Maxing Shigan Decoction [J]. J Pharm Biomed
Anal, 2023, 234: 115532.

Yang LP, Zhang X, Wang ZJ, et al. Decoction regulating
phytochemicals' micromorphology changes and anti-inflamma-
tion activity enhancements originated from herb medicine super-
molecules [J]. Chin Med, 2024, 19: 19.

Huang XM, Liu XJ, Lin XY, et al. Thermodynamics driving
phytochemical self-assembly morphological change and efficacy
enhancement originated from single and co-decoction of tradi-
tional Chinese medicine [J]. J Nanobiotechnology, 2022, 20: 527.
Yang LH, Yuan ZW, Ji P, et al. Determination of 13 active
components in Huanglian Jiedu Decoction by HPLC and screening
of its effective fraction [J]. Chin Tradit Herb Drugs (7 & 24),
2019, 50: 3794-3801.

FuL, FuQ, LiJ, et al. Research progress on chemical constituents
and pharmacological effects of Coptis chinensis [J]. Acta Chin
Med Pharmacol ([ £ %:4Rk), 2021, 49: 87-92.

Qiao LP, Liu C, Kang L, et al. Research progress on main
components and identification technology of phellodendron [J]. J
Sichuan For Sci Technol (P4 )1[#0lL ), 2022, 43: 126-131.

Gao Y, Hai F, Liu D, et al. Chemical composition analysis and

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

pharmacological research progress of Cortex Phellodendri [J].
Asia-Pac Tradit Med (K444t B2 24), 2019, 15: 207-209.
Abraham MJ, Teemu M, Roland S, et al. GROMACS: high
performance molecular simulations through multi-level
parallelism from laptops to supercomputers [J]. SoftwareX,
2015, 1-2: 19-25.

Wang J, Wolf RM, Caldwell JW, et al. Development and testing
of a general AMBER force field [J]. J] Comput Chem, 2004, 25:
1157.

Lu T. Sobtop: a tool of generating forcefield parameters and
GROMACS topology file [EB/OL]. Beijing Kein Research Center
for Natural Sciences, 2024 [2024-07-02]. http://sobereva. com/
soft/Sobtop.

LiJG, Qiu Z, Zhao Y, et al. Determination of 8 index components
in Huanglian Jiedu Decoction and multiple statistical analysis
based on fingerprint map [J]. Chin J New Drugs (71 [ ¥ 2 4%
#£), 2022, 31: 1524-1530.

Zhou FF, Gu XM, Wang W, et al. Establishment and application
of main components of Huang-Lian-Jie-Du decoction based on
high performance liquid chromatography [J]. Lab Med (1 3 &
3£, 2024, 39: 468-473.

Ma KQ, Sang XG, Yin XM, et al. Determination of main
components of Huanglian Jiedu Decoction [J]. China Rural
Health (h [E A& K L2E), 2020, 12: 40-41.

He DM, Liao FY, Wang P, et al. Rapid separation and identifica-
tion of 96 main constituents in Huanglian Jiedu Decoction via
ultra-high performance liquid chromatography-orbitrap fusion
tribrid mass spectrometer [J]. ] Mass Spectrom, 2022, 57: e4888.
He YN, Fang TT, Xu RF, et al. Study on the mechanism of
Huanglian Jiedu Decoction in the treatment of Candida albicans
infection based on network pharmacology and molecular docking
[J]. Chin J Mycol (" [H B % 7% ), 2024, 19: 239-244.

Xia F, Zhang YF, Hu GX, et al. Inhibitory effects of Huanglian
Jiedu Decoction on Pseudomonas aeruginosa quorum sensing
system regulating virulence factors and biofilm [J]. China Pharm
(FF [ 245if), 2020, 23: 1307-1311.

Li T, Wang PL, Guo WB, et al. Natural berberine-based Chinese
herb medicine assembled nanostructures with modified antibac-

terial application [J]. ACS Nano, 2019, 13: 6770-6781.



