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Abstract: The combination of Shuanghuanglian injection (SHLI) and ciprofloxacin injection (CIPI) is frequently
prescribed in clinical practice, but the basis for the combination is weak. In this study, isothermal titration calorimetry
and ultraviolet-visible absorption spectrometry were applied to identify the molecular interactions of SHLI and its
main components, chlorogenic acid and neochlorogenic acid with CIPI. Scanning electron microscopy, Fourier-
transform infrared spectroscopy, and cold-spray ionization mass spectrometry were performed to confirm that this
molecular interaction was related to the formation of self-assembled supramolecular systems induced by chlorogenic
acid and neochlorogenic acid with CIPI through weak intermolecular bonds. The antibacterial activity toward

Wk 1 93: 2022-06-06; &1l - 2022-06-22.
FET0F ;[ KA SRR IE S 0 H (82130112); AL 5 PR i & B v “ 817 -1 % T (DFL20190702).
*J@ HAEH Tel: 86-10-63139318, E-mail: wat09ing@163.com;
Tel: 86-10-53897463, E-mail: maqgiang@caiq.org.cn;
Tel: 86-10-63139318, E-mail: danyan@ccmu.edu.cn
DOI: 10.16438/j.0513-4870.2022-0696



- 2446 - 22224 Acta Pharmaceutica Sinica 2022, 57(8): 2445 2452

Pseudomonas aeruginosa (P. aeruginosa) was evaluated via molecular interactions, and the inhibitory ability of

SHLI, chlorogenic acid and neochlorogenic acid against P. aeruginosa was significantly reduced after interaction

with CIPI. A molecular docking study demonstrated that the reduced antibacterial ability was closely related to the

competitive binding of drug molecules to the same binding site of the DNA gyrase B (GyrB) subunit of P. aeruginosa.

The present study uncovered the intermolecular interactions of SHLI and its main components chlorogenic acid

and neochlorogenic acid with CIPI from the perspective of molecular self-assembly and contribute to the reduction

of its antibacterial ability, providing a basis for the clinical combination of SHLI and CIPI.
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terial effect
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huanglian injection (SHLI); B: CIPI titrated with chlorogenic acid; C: CIPI titrated with neochlorogenic acid

Energy maps and fitted curves of isothermal titration calorimetry (ITC). A: Ciprofloxacin injection (CIPI) titrated with Shuang-
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Figure 2 Evolutions of ultraviolet-visible (UV-Vis) absorption spectrometry. A: UV-Vis of SHLI, CIPI and SHLI-CIPI; B: UV-Vis of

chlorogenic acid, neochlorogenic acid, CIPI, chlorogenic acid-CIPI and neochlorogenic acid-CIPI

Figure 3 Characterization of scanning electron microscope (SEM) images. A: SEM image of chlorogenic acid; B: SEM image of neochlo-

rogenic acid; C: SEM image of CIPI; D: SEM image of chlorogenic acid-CIPI; E: SEM image of neochlorogenic acid-CIPI
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Figure 4 Measurements of Fourier-transform infrared (FTIR) spectroscopy and molecular docking. A: FTIR of chlorogenic acid, CIPI and

chlorogenic acid-CIPI; B: FTIR of neochlorogenic acid, CIPI and neochlorogenic acid-CIPI; C: molecular docking of chlorogenic acid with

CIPI; D: molecular docking of neochlorogenic acid with CIPI
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Figure 5 Properties of cold-spray ionization mass spectrometry (CSI-MS). A: MS spectrum of chlorogenic acid mixed with CIPI to form a
molecular complex (m/z 686.26 [M+H]"); B: MS spectrum of neochlorogenic acid mixed with CIPI to form a molecular complex (m/z

686.26 [M+H]"); C: MS/MS spectrum of the chlorogenic acid-ciprofloxacin complex; D: MS/MS spectrum of the neochlorogenic acid-cipro-

floxacin complex
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Antibacterial activity of SHLI and its main components chlorogenic acid and neochlorogenic acid in combination with CIPI

against P. aeruginosa. MIC: Minimum inhibitory concentration; FICI: Fractional inhibitory concentration index

Sample MIC FICI Effect
SHLI 250.00 mg-mL"
Chlorogenic acid 8.22 mg-mL"
Neochlorogenic acid 8.00 mg-mL"
CIPI 61.04 ng-mL"
SHLI/CIPI >500.00 mg-mL"'/>122.07 ng-mL"' >4.00 Antagonism
Chlorogenic acid/CIPI 16.43 mg-mL"/15.26 ng-mL"' 2.25 Antagonism
Neochlorogenic acid/CIPI 16.00 mg-mL"/15.26 ng-mL" 2.25 Antagonism
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