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Abstract: Objective A novel supramolecular host-guest inclusion complex of genkwanin/phosphate salt pillar[6]arene (GK/PP6A)
was constructed with water-soluble phosphate salt pillar[6]arene (PP6A) as the drug carrier (as the host) and the natural medicine
genkwanin (GK) as the guest molecule. The characterization and performance analysis were carried out, and the formation mechanism
of inclusion complex was studied. Methods The inclusion complex of GK/PP6A was prepared by saturated solution, the preparation
process of GK/PP6A inclusion compound was optimized and screened. The orthogonal experiment was designed with Lo(3%), using

four factors, including molar ratio, inclusion temperature, inclusion time and volume ratio of methanol to water, with three levels for
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each factor. The physico-chemical properties of genkwanin and PP6A before and after inclusion were studied by ultraviolet-visible
spectroscopy, infrared spectroscopy, X-ray powder diffraction, scanning electron microscope and differential scanning calorimeter, and
the most stable inclusion modes of genkwanin and PP6A were revealed by semi-empirical molecular orbital method, molecular docking
and nuclear magnetic resonance spectroscopy. Results The optimal preparation process of GK/PP6A inclusion complex was that the
molar ratio of PP6A to genkwaninis 1:1,50 “C for the temperature, 8 h for the time, and 1: 8 for the volume ratio of ethanol to water,
the inclusion rate of GK/PP6A inclusion complex was 89.93%. The experimental results showed that genkwanin and PP6A form
supramolecular inclusion complex with a molar ratio of 1:1, and the inclusion complex constant was calculated to be 49 488 L/mol.
The inclusion mechanism revealed by semi-empirical molecular orbital method and molecular docking was in agreement with the
possible inclusion model of host and guest inferred by two-dimensional hydrogen magnetic resonance spectroscopy. The stability and
water solubility of genkwanin before and after inclusion complex were significantly improved, and the water solubility was increased
from 3.5 pg/mL to 540.5 pg/mL, about 155 times. Conclusion PP6A is a good host of genkwanin. The water solubility and stability
of genkwanin were significantly improved after genkwanin formed inclusion complex with PP6A. Hydrophobicity and hydrogen

bonding are the main driving forces for inclusion complex formation.

Key words: genkwanin; water-soluble phosphate salt pillar[6]arene; inclusion complex; molecule docking; solubility
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Table 1 Solubility of PP6A at different temperatures

BE/C BRE/(mgmL™) | IRE/C MR/ (mgmLT)
25 360 40 368
30 363 50 376
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BRHR1E —3, 'H-NMR (400 MHz, D,0)d: 6.95 (12H,
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Fig. 1 Synthesis route of PP6A
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FEACRIETL 43 RS 3000 uL (¥ (DMSO-
KD A, FHAER KRR KA (2=340nm) I
R MROEE, Pl A R ERE (O 1EA,
BLMERA T FE N 4=16.572 62 C—0.001 35, r=
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Table 2 Design and results of Lo(3*) orthogonal test

iz A B/ C C/h D (EREE A
1 1:1() 30(1) 6() 1:4(1) 3413
2 1:1(1) 40Q) 82 1:6(2) 57.00
3 1:1(1) 50(3) 103 1:83)  89.93
4 1:2(@2) 30(1) 8@ 1:8(3) 5946
5 1:2(2) 402 103) 1:4(1) 2236
6 1:2(2) 503 6(1) 1:6@2) 13.65
7 1:3@3) 30() 103) 1:6(2) 13.11
8 1:3(3) 402 6() 1:8(3) 3829
9 1:33) 50(3) 82 1:4(1) 19.08
Ki  181.06 10670  86.07  75.57
K> 9547 117.65 13554  83.76
K3 70.48  122.66 12540 187.68
R 110.58 1596 4947 11211

xR3 HESW

Table 3 Analysis of variance

TiERIR WA BE U7 FAE S

A 2 242.009 4 2 1121.0047 50.480 0 P<<0.05
B 44413 8 2 22.2069 1.0000
C 455.216 6 2 227.608 3 10.249 4
D 2 603.899 4 2 1301.949 7 58.628 2 P<<0.05

Fo05(2,2)=19.00  Fo01(2,2)=99.00
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Fig. 2 FT-IR absorption spectra of PP6A, genkwanin, and
GK/PP6A inclusion complex
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Fig. 3 XRD patterns of absorption spectra of PP6A,

genkwanin and GK/PP6A inclusion complex
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Fig. 5 DSC curves of PP6A, genkwanin and GK/PP6A

inclusion complex
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Fig. 4 SEM images of PP6A, genkwanin and GK/PP6A inclusion complex (SEM image stained by Photoshop)
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Fig. 6 'H-NMR spectra of PP6A and GK/PP6A
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&4 PPoA BIERIFEMUEMNBE (Aon) W
Table 4 Comparison of chemical shift (Adn) values before

and after PP6A inclusion

iR PP6A GK/PP6A Ad
H-1 6.95 (12H, s) 7.00 (12H, s) 0.05
H-2 4.09 (24H, m) 4.14 (24H, m) 0.05
H-3 3.84 (12H, s) 3.88 (12H, s) 0.04
H-4 2.13 (24H, m) 2.24 (24H, m) 0.11
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Fig. 7 Two-dimensional nuclear Overhauser effect spectroscopy (2D-NOESY) spectrum (A) and proposed inclusion modes
associated with key nuclear Overhauser effects (NOEs) (B) of GK/PP6A inclusion complex
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Table 5 Clustering analysis diagram of genkwanin and
PP6A molecules after docking (RSDgk/ppsa < 0.2 nm)
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