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IR ERBER F-a (tumor necrosis factor-a, TNF-a). FZHUS3K-1 (interleukin-1, IL-1). IL-6 7K*F; KA qRT-PCR & fixiZH 21
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Mechanism of volatile oil from Atractylodes chinensis on insomnia mice and its
microemulsion preparation

ZHAO Shuyue, QIU Zhidong, LIU Rui, HU Xinxing, XIAO Chunping
College of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To explore the pharmacological effects and mechanism of volatile oil from Atractylodes chinensis on insomnia
based on gas chromatography-mass spectrometry (GC-MS) technology combined with animal experiments, and prepare volatile oil
from A. chinensis microemulsion. Methods GC-MS was used to analyze the chemical composition of volatile oil from A. chinensis.

Insomnia model was induced by chlorpheniramine (300 mg/kg), control group, model group, diazepam (1.3 mg/kg) group, and volatile
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oil from A. chinensis low-, medium-, high-dose (23.4, 46.8, 93.6 mg/kg) groups were set up, changes in body weight, sleep and
spontaneous activity of mice before and after administration were evaluated; Hematoxylin-eosin (HE) staining was used to observe the
morphology of brain tissue in mice; ELISA was used to measure the levels of 5-hydroxytryptamine (5-HT), glutamic acid (Glu), y-
aminobutyric acid (GABA), tumor necrosis factor-o. (TNF-a), interleukin-1 (IL-1) and IL-6 in brain tissue; qRT-PCR was used to detect
the mRNA expressions of cyclic adenosine monophosphate (cAMP), protein kinase A (PKA4), cAMP-response element binding protein
(CREB), brain-derived neurotrophic factor (BDNF) and tyrosine kinase receptor B (77kB) in brain tissue; Western blotting was used to
detect the protein expressions of cAMP, PKA, CREB, BDNF and TrkB in brain tissue. The volatile oil from A. chinensis microemulsion
was prepared by titration method, single factor experiment was used to investigate the effects of different surfactants, co-surfactants,
and the mass ratio of surfactants to co surfactants (Km) on the formation of microemulsion of 4. chinensis volatile oil, the quality of
microemulsion appearance, type, temperature stability, centrifugal stability and physical properties were evaluated; The distribution
characteristics of microemulsion of A. chinensis volatile oil in mice was studied through live animal fluorescence imaging experiments.
Results GC-MS identified 50 chemical components in volatile oil from A. chinensis, mainly including alcohols, aromatic
hydrocarbons, olefins, esters and ketones. The volatile oil from A. chinensis could significantly increase the body weight of insomnia
mice (P < 0.05), shorten the sleep latency of mice (P < 0.01), prolong the sleep time of mice (P < 0.05, 0.01), improve the infiltration
of inflammatory cells in brain tissue, reduce the number of independent activities (P < 0.01), significantly increase the levels of 5-HT
and GABA in brain tissue (P < 0.01), reduce the levels of Glu, IL-1, IL-6 and TNF-a. in brain tissue (P < 0.05, 0.01), and up-regulate
the expressions of cAMP, PKA, CREB, BDNF and TrkB in brain tissue (P < 0.05, 0.01). The optimal formulation process for
microemulsion was to use polysorbate 80 as the surfactant, anhydrous ethanol as the co-surfactant, Km = 2; The quality evaluation
found that microemulsion of 4. chinensis volatile oil was yellow in color, uniform, transparent, and clear in appearance, with good
fluidity. The diffusion rate of methylene blue in the microemulsion was significantly faster than that of Sudan red. After centrifugation
at a speed of 1 000—4 000 r/min and standing at a temperature of 5—45 °C, the appearance of the microemulsion remained unchanged,
which proves its good centrifugal stability and temperature stability. The average particle size, polymer dispersion index (PDI), and pH
value of the microemulsion were (159.00 £ 4.53) nm, 0.451 £ 0.012, and 6.74 + 0.02, respectively. The results of live animal imaging
experiments showed that microemulsion of A. chinensis volatile oil could reach brain tissue through the blood-brain barrier and has
good sustained release effect. Conclusion The volatile oil from 4. chinensis has a sedative effect, providing a theoretical basis for the
improvement of insomnia by microemulsion of A. chinensis volatile oil.
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/INERIRZHLZR, In N5 B BRI 1) 771 F PMISF [#) RIPA
AR, PR E A, 1% BCA W& e &AWk
£ R ERE RS 12% 1 br St BRI 5 T J It e st
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Table 1 Primer sequences

S A LR 5P SI (5-37) TSI (5°-37)
CAMP AGGTCCTCAGCTACAAGGAAG TCTTGAAGTCACAATCCTCTGGT
PKA GGTGACAGACTTCGGTTTTGC CAGCTTTGTTGTAGCCTTTGC
BDNF TGGGGTTAGGAGAAGTCAAGC GTCAGGTAACCACTAACACATTCG
TrkB CAACTGACATCGGGGATACTACA CACAGAGGCAATCACCACCA
CREB GCAGCAAGAGAATGTCGTAGAAA CCAATCCAGTCCATTTTCCA
p-actin TTCGTTGCCGGTCCACACCC GCTTTGCACATGCCGGAGCC
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Fig.1 Total ion chromatogram of volatile oil from A. chinensis
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Freitits 7d J5,
FR T FEFEA vl ELHERE T 65 =

NI BUERCA T POKE D
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B2, R, WmIEIE. BRI SE. PEIG I, S, U345, RO RHRBIA ) 2% ik
3.2 IR o ¢ T HUPGPEBEE ARFE R IEYT 20d &, /N
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Table 2 Main constituents of volatile oil from A. chinensis
F%  tr/min tEY ¥ AN 5 593 25U %
1 8.42 a-JE I CioH1e 4.28
2 10.62 a-7K ki CioH1e 4.47
3 13.01 e CioH16 2.64
4 20.28 modephene CasH24 2.92
5 22.69 berkheyaradulene CasH24 3.77
6 2340 B-F 77 CisHzs 2.68
7 24.11 cyperene CisHaa 2.19
8 25.19 4a,8- T FIBE-2-(1-F AL 2475 55)-1,2,3,4,4a,5,6,7- )\ A 2 CisHas 2.99
9 2845 - i I C15H240 27.84
10 2850 B-HZ I CisHa4 2.44
11 2861 B-fis -k s CisHa4 2.08
12 28.66 (4aR,8aS)-4a- F FL-1- 37 F JE-7- (P e -2- 0 fe dik )+ 2% CisH2a 3.67
13 28.95 PN CisHas 3.29
14 2897 epi-y-1& i B C15H260 2.18
15  29.24 FARREE Ci5H260 19.82
16 30.13 2.3- & -1H- KN =R -1-R Ci13H100 11.58
17  30.58 A Ci5H200 2.24
18 33.59 A-FK 2 ) Bk g C12H10N2 2.65
19  34.29 2(3H)-Z5,4,4a,5,6,7,8- 7N 4 -4a,5- — FHJE-3-(1- 3L T 7. 58) - (dar- Il =X) C15H220 2.80
20 3591 3,5,8a- = 1 #£-4,4a,82,9- P10 S 25 3[2,3-b] Wk Ci15H180 2.58
F=3 BARELBITRRERNRERENEM (X+s,n=10)
Table 3 Effect of volatile oil from A. chinensis on body weight of insomnia model mice ( X + s, n = 10)
o - _ &g
A i/ (mg kg™) BOR BTR B10K H20 K
o HE — 20.16+0.23 20.75+0.57 22.13+0.54 24.10+0.81
Y — 20.574+0.13 20.49+0.40 19.55+1.21% 20.77+0.67*
o7 P 13 19.1240.09 20.72+0.47 21.614+0.71 23.01+1.35"
CARIER M 23.4 20.014+0.31 20.61+0.57 20.6010.64 23.25+1.50
46.8 19.57+0.11 20.67+0.68 21.014+0.51 22.94+1.21"
93.6 20.8440.12 21.25+1.00 20.384+0.61 23.234+0.81"
xR "P<0.05 #P<0.01; SEAAILLE: "P<0.05 “P<0.01, F&MH.

#P<0.05 *P<0.01 vs control group; “P < 0.05

**P<0.01 vs model group, same as below tables.

322 B ARFE RN O AR ASE B /N R AR FIR 1) 5
WK 4 fion, SRR bR, AR /N R BEAR A [A]
BESE (P<0.05), HERBRIEZELK (P<
0.01), KA/ H BLRHREEIR , e HRABIAY 1) 2% i D 5
SRR, M S ARIE R, mE
2N B HERR T AR X B ek (P<<0.01), HEARHS
[B] & 3L K (P<<0.05. 0.01).

323 BRI R KRB N R B 315

W R 5 Fis, SRR, AN E 3
TEENCBLE RN (P<<0.01); SHERALLE, Hy
PO RN ARFE R mRE AN R E EE sk
R ZF WS (P<0.01),

3.2.4  BARTE R I g HRAE T /) B 2H £ B AR
ferIsem QifE 2 Fros, o HEZE /IS B 2L 2R 5 A
AR, dUMHESRESY, GLismiss), o RiR
T2 MR, B/ R SR BN I, 41
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BARE L xS KARAR R/ R REAR 7K HA AN REAR A 5]
900 (X £s,n=10)
Table 4 Effect of volatile oil from A. chinensis on sleep

=4

latency and sleep duration of insomnia model mice

BARE L mx R ERERNR B BRI R0
(Xxs,n=10)
Table 5 Effect of volatile oil from A. chinensis on number

=5

of independent activities of insomnia model mice

(X+s,n=10) (X+s,n=10)
AR FE(mgkg) BEIRERY/min IR E/min 2595 FH/(mg kg Y) EERETRINE
papic — 3.7440.17 36.07+5.33 paist — 144.55+8.35
%l — 6.0740.23# 14.37+4.27* il - 200.854 19.62#
oG 13 4.0040.49" 50.14412.20" P 1.3 150.20+18.06™
AR R 234 5.5440.20 24394574 TARSE KM 23.4 192.504-13.24
46.8 5014041 33.66+7.39" 46.8 182.55+16.28"
93.6 4174018 46.69+10.13™ 93.6 161.65+16.26™
Wﬂv . . 2
S i “ " / i 3 5 ] .. -' ‘
;.' &Soﬂ oAt _ Ny "::'-: ST .__ pameig e o (SR .-.\_._:_ i "’_.:_. ‘:" S i _..
XTHE T HPEPE BARYERN 234 mgkg! BAEL M 46.8 mg-kg™! BARIERM 93.6 mg-kg!
2 BAREE B RRER R ANBLARIET LN (HE, X200)

Fig. 2 Effect of volatile oil from A. chinensis on pathological changes in brain tissue of insomnia model mice (HE, x 200)
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HT 1 GABA /K-FEZEFFL (P<0.01), Glu. IL-

1. IL-6 Fl TNF-a /K°F-&ETHE (P<0.01); HiE
R ZH LU, P P 2 AN AR5 R I vy 7 B4 5-HT Al
GABA /KT ZETmE (P<0.01), #4254 Glu M1
TNF-a 7KF 5535 P& MK (P<<0.05. 0.01), AR M
L EIEYL IL-1 K RERK (P<0.01), HiFf
PRI ARFE A\ SRR IL-6 7K 7 235 TR
(P<<0.05+ 0.01), 3B ARSI % 5200 BRI ) 3
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o T sk Lo
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X HR *%&J MG 23 4 468 93.6
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SxtmEAE: “P<0.05 #*#P<0.01;

papicy ffiiﬂ PG 23 4 468 93 6
BAIE R M/ (mgkg™)

SRR *P<0.05

#P<0.05 *P<0.01 vs control group; “P < 0.05

3 BARELZMITERER/NREKEL D 5-HT. Glus GABA. TNF-0. IL-1 1 IL-6 KEHIEM (X £ s, n=10)
Fig. 3 Effect of volatile oil from A. chinensis on levels of 5S-HT, Glu, GABA, TNF-a, IL-1 and IL-6 in brain tissue of insomnia

model mice (X + s, n=10)

papist *ﬁ"ﬂ PG 23 4468 936
TARYE R M (mgkg™)

“P<0.01, FEMFE.

*P < 0.01 vs model group, same as below figures.
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Fig. 4 Effect of volatile oil from A. chinensis on mRNA expressions of cAMP, PKA, CREB, BDNF and TrkB in brain tissue of

insomnia model mice ( X + s, n =10)
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Fig. 5 Effect of volatile oil from A. chinensis on protein expressions of cAMP, PKA, CREB, BDNF and TrkB in brain tissue

of insomnia model mice ( X £ s, n=10)
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Fig. 6 Quasi-ternary phase diagram formed with different surfactants
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Fig. 7 Quasi-ternary phase diagram formed with different cosurfactants
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Fig. 8 Quasi-ternary phase diagram formed with different Km value
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Fig. 10 Dynamic distribution of microemulsion of 4.

chinensis volatile oil in mice
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