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Abstract: Helicide and rosmarinic acid possess sleep-improving properties but suffer from poor aqueous
solubility. This study aimed to construct a dual-drug co-loaded amorphous system. Compatibility and intermolecular
interactions were predicted using Hansen solubility parameters and molecular docking. Co-evaporates were prepared
via the solvent co-evaporation method. Polarized light microscopy, X-ray diffraction, and differential scanning
calorimetry analyses confirmed the formation of a single-phase binary co-amorphous system. Fourier-transform
infrared spectroscopy, ultraviolet spectroscopy, and nuclear magnetic resonance analyses revealed that hydrogen
bonds formed between the aromatic ketone carbonyl group of helicide and the carboxylic acid group of rosmarinic
acid, while z-7 stacking interactions occurred between their aromatic rings, constituting a stable intermolecular
network. Co-amorphization significantly enhanced the apparent solubility of both drugs in pure water by 4.7-fold
and 5.1-fold, respectively. In vitro dissolution studies indicated an initial rapid release phase, followed by
limitations due to gelation. All animal experiments were conducted in strict accordance with the regulations of
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YNUTCM-XMSS-G-20250059. Pharmacodynamic evaluation in a zebrafish insomnia model demonstrated that the
co-amorphous system at low and medium doses prolonged total sleep time, increased the number of sleep bouts

and average bout length, and shortened sleep latency compared to individual drugs or physical mixture. A

combination index (CI) < 0.7 confirmed a synergistic sleep-promoting effect. The solvent co-evaporation method

proved efficient and straightforward for preparing the co-amorphous system. This co-amorphous strategy

demonstrates significant advantages in improving aqueous solubility and achieving synergistic hypnotic efficacy.
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Figure 3  Appearance, optical microscopy (OM), polarized light microscopy (PLM) and scanning electron microscopy (SEM) images of
HD, RA, PM and CAM. HD-MeOH: Helicid methanol-recrystallized forms; RA-MeOH: Rosmarinic acid methanol-recrystallized forms;

PM: Physical mixture; CAM: Co-amorphous mixture
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Figure 4 Solid-state characterization of the pure compounds, their PM, and CAM. A: PXRD patterns; B: DSC thermograms; C: Fourier
transform infrared spectroscopy (FT-IR) spectra. a: HD; b: RA; ¢: PM; d: CAM
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Figure 5 Liquid-state spectroscopic characterization of HD, RA and CAM. A: Ultraviolet-visible spectroscopy absorption spectra; B:

'H NMR spectra
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Table 2 Equilibrium solubility of each sample. n =3, x 5. "P <
0.05 vs HD or RA; “P < 0.05 vs HD or RA in PM

Solubility/ug-mL"'

Sample Water PBS (pH 6.8) PBS (pH 5.8)
HD 6.18 +0.20 7.67+0.05 7.50 £ 0.01
RA 10.21 + 1.00 13.41 +0.11 12.29+0.72
PM HD 11.69 + 0.01 12.23£0.03 9.30 +0.01
RA 8.12+0.30 15.83£0.26 15.26 = 0.81
CAM  HD 28.93+0.06™ 27.81+0.087 27.47+0.02"
RA 52.18 £ 0.07" 65.20 +2.13" 56.49 +0.21°
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Table 3
n=3,x+s. P<0.05vs CAM; ns: No significant difference

Investigation results of hygroscopicity of each sample.

Sample Moisture absorption rate/% Hygroscopicity
HD 0.09£0.21" Non-hygroscopic
RA 3.36£0.08™ Hygroscopic
CAM 3.60 £0.25 Hygroscopic
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Figure 6 In vitro dissolution profiles of the pure compounds, their PM, and CAM in various media. A: Dissolution profile of HD; B: Disso-
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Figure 7 The improvement effect of drug treatments on sleep behaviors in zebrafish. A: Total sleep time; B: Arousal activity; C: Sleep turn
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