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Abstract: The joint application of traditional Chinese medicine injection containing chlorogenic acid (CA)
and cefotaxime sodium (CS) is sometimes appeared in clinical practice, but the scientific basis of drug molecular
compatibility is still weak. This study proposes a sequential analysis strategy based on isothermal titration calorimetry
(ITC), cold-spray ionization mass spectrometry (CSI-MS) and antibacterial activity test to evaluate the molecular
interactions between CA and CS. The results of ITC experiments showed that the Gibbs free energy AG < 0 and it
was driven by enthalpy change when CA titrated CS, suggesting CA could spontaneously chemically react with
CS. Subsequently, the parent ions (m/z 808.143 5) of binding molecular of CA and CS was detected by CSI-MS, in-
dicating CA could chemically bond with CS. Furtherly, the antibacterial experiments found the antibacterial ability
of CS against Klebsiella pneumonia was significantly reduced (P < 0.01) by CA in mixed solution. Finally, molecu-
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lar docking technology showed CA and CS have a common target of penicillin binding protein 3 (PBP3), suggest-
ing that the phenomenon of CA reduced the antibacterial ability of CS may be related to the competitive binding of
two components with PBP3. Our studies have shown that CA could spontaneously chemically bond to CS and re-
duced its antibacterial ability, providing scientific data for molecular interaction evaluation of CA and CS.
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Figure 1 Isothermal titration calorimetry analysis of chlorogenic acid (CA) and cefotaxime sodium (CS). A: Energy maps of CS solution

and 2% dimethyl sulfoxide (DMSO) aqueous solution (blank) titrated with CA solution, respectively; B: Heating curve and thermodynamic

parameters of CS solution titrated by CA solution
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Figure 2 Cold-spray ionization mass spectrometry of CA and CS. A: Full scan mass spectrum of CA; B: Full scan mass spectrum of CS;

C: Full scan mass spectrum of mixture of CA and CS; D: MS? spectrum of the binding molecule of CA and CS. lons of m/z 353.086 4 and m/
z 454.049 3 are parent ions of CA and CS. The ion of m/z 808.144 2 is the parent ion of binding molecules of CA and CS
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Figure 3  Antibacterial effect of CA and CS against Klebsiella Pneumoniae (K. pneumoniae). A: Growth curve of K. pneumonia at optical
density of 600 nm; B: Antibacterial effect of DMSO; C: Antibacterial effect of CA; D: Antibacterial effect of CS; E: Bacteria were treated
with CA and CS separate or in combination and the optical density at 24 h (CA: 6.0 mg-mL™, CS: 1.6 ug-mL™", CA+CS: CA 6.0 mg-mL™

and CS 1.6 ug-mL™, Ctrl: control group). n =6, x 5. P < 0.01
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Figure 4 The molecular docking of CA or CS with penicillin binding protein 3 (PBP3, PDB code 30C2). A: Molecular structure of CA; B:
Molecular structure of CS; C: The 3D binding mode of CA and CS; D: The 2D show of interactions of CA; E: The 2D show of interactions
of CS. Molecular docking experiments showed that CA and CS have similar binding sites, resulting in their spatially competitive binding

with PBP3
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