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[ Abstract] Objective To prepare the volatile oil inclusion complexes of Xinyi Tonggiao
granules by p-cyclodextrin saturated water solution method, and to enhance the stability of volatile
oils in Xinyi Tongqiao granules. Methods The complexation rate of total volatile oil and patchouli
alcohol was used as evaluation indices. The preparation process was optimized using a comprehensive
scoring method based on an orthogonal test. The inclusion complexes were characterized by gas
chromatography-mass (GC/MS) spectrometry, Fourier transform infrared spectroscopy, thermal
analysis, powder X-ray diffraction and molecular docking. The stability was evaluated through an

influence factor test. Results The optimum inclusion process was as follows: B-cyclodextrin to
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volatile oils ratio of 9 : 1, inclusion temperature of 25 °C, and inclusion time of 3 hours. Under these conditions,
the average complexation rate for total volatile oil and patchouli alcohol reached 85.08% and 84.93%, respectively.
Characterization results indicated that the volatile oil entered the p-cyclodextrin cavity, occupied the position of
water molecules in the cavity, and formed new substances via hydrogen bonds with B-cyclodextrin. The stability
tests demonstrated that the volatile oil content in the inclusion complexes remained stable when placed under light
(light intensity 4 500 Ix + 500 Ix), high temperature (60°C) and high humidity (75% relative humidity) for 10 days.
Conclusion This inclusion process is safe and stable, and has a high complexation rate. It can be used to prepare

volatile oil inclusion complexes of Xinyi Tongqiao granules, significantly improving the stability of volatile oil and

product quality. It is suitable for industrial production.

[Keywords ] Xinyi Tonggiao granules; B-cyclodextrin; Inclusion complexes; Volatile oils; Patchouli alcohol;

Saturated water solution method; Characterization; Orthogonal test
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Table 1. Factors and levels of orthogonal test

IR B-PHING (g) S5k (mL) LA A f &R (h) B AARE (C) C
1 3:1 1 25
2 6:1 2 40
3 9:1 3 60
F2 EXRIWER
Table 2. Results of orthogonal test
Eeass A B @ D (%) RELIERE (%) HREEUER (%) LRGP
1 1 1 1 1 53.14 56.15 0.6213
2 1 2 2 2 59.55 59.61 0.681 0
3 1 3 3 3 47.74 62.87 0.6152
4 2 1 2 3 68.39 62.26 0.753 7
5 2 2 3 1 65.89 51.36 0.686 6
6 2 3 1 2 75.76 79.34 0.8825
7 3 1 3 2 75.84 79.55 0.884 0
8 3 2 1 3 85.96 87.20 0.988 4
9 3 3 2 1 87.66 80.02 0.967 1
K1 19175 22590 24922 22750
K2 23228 23560 2.401 8 24475
K3 2.8395 2.464 8 2.1858 23573
R 0.922 0 0.205 8 0.306 4 0.1725
R3 AENNER
Table 3. Results of variance analysis
T3 2R T 275 Al Fl H Bor F P
A 0.092 2 0.046 40.382 0.024
B 0.016 2 0.008 7.265 0.121
C 0.019 2 0.010 8.477 0.106
RS 0.002 2 0.001

E: Fy0s(2.2)=19.00,

R4 WIEIRGLER (n=3)
Table 4. Verification test results (n=3)

#= BRI AR (%) FAERAAR (%) AL A (ml/g) FRCER I (%)
BHW24052201 82.96 84.48 0.092 6 0.819
BHW24052202 85.08 86.47 0.094 6 0.825
BHW24052203 87.21 83.84 0.095 7 0.816
I 85.08 84.93 0.0943 0.820
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Table 5. Chemical constituents of inclusion complexes

i PERHSTE] (min ) L& WHFR CAS% Vi = AT AR kAR T AR (% )
1 425472 KA 3387-41-5 CioHye 4.69
2 43700 BTk 127-91-3 CioHyg 9.10
3 5.450 8 HEEZR 99-87-6 CioH,, 8.52
4 5.669 7 D5 5989-27-5 CoHyg 50.19
5 57132 Fntah 470-82-6 CoH, 0 775
6 6.395 1 N ilib 99-85-4 CoHyg 10.99
7 7.280 3 o~ FATH 99-86-5 CioHg 2.80
8 7.582 1 Jy 78-70-6 CioH 50 2.76
9 9.1970 AT v 464-49-3 C,oH,0 23.40
10 10.237 8 ()T M — 4 20126-76-5 C,oH,0 3.96
11 10.684 7 o—FATHIE 98-55-5 CoH, 0 4.86
12 13.9550 L-ZFRVK T 5655-61-8 C,H,00, 5.73
13 17913 1 B 515-13-9 CsH,y 3.05
14 19.004 8 VaKUE 87-44-5 CsH,y 9.30
15 19.785 1 o~ BIA R 3691-12-1 CysH,, 25.00
16 19.900 5 (+-)- TR 20085-93-2 CysHay 29.92
17 20.3919 of TR 560-32-7 CisHo, 15.63
18 222529 A -TiREs 3691-11-0 CysHa, 29.49
19 23.8929 A T 7 P 41429-52-1 C,,Hy0 14.03
20 247832 (—)-E A 1139-30-6 Cy5H,,0 4.53
21 26.2859 i 51371-47-2 C,5Ha0 5.13
22 27.376 8 TRHE K i 19937-86-1 C,H,,0, 3.95
23 27.438 6 KW 22567-17-5 CysHa, 47.50
24 27.441 4 R AR 456-55-3 C,HsF,0 14.60
25 27.606 3 HRkAEE 5986-55-0 C,sH,0 100.00
26 29.356 9 B A XS SRR 2 ik 616-86-4 CgH,oN,0,4 2.71
27 29.3672 R 23800-56-8 C,H,0, 68.22
28 29.409 4 e 4602-84-0 C,5Ha0 15.29
29 30.624 0 AT 515-20-8 C,sH,,0 235
30 34.5870 NS 81203-57-8 C,,H,,0 3.82
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Figure 3. DSC and TG thermograms of B —CD and inclusion complexes
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Figure 6. Molecular docking study of inclusion complexes
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