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Study on the protective effect of Xiaoyaosan on corticosterone—induced

PC12 injury model and its neuroprotective components
Sun Lu', Wu Yayun®,Liu Lijuan’,Zhao Ya’, Li Xiong®,Zhao Ruizhi’,Hu Qiaohong’

(1. School of pharmacy , Guangdong Pharmaceutical University ;2. The Second Clinical Medical College of
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Guangdong Provincial Hospital of Chinese Medicine )

[ Abstract] Objective : To study the neuroprotective effect of Xiaoyaosan and its chemical composition , and to identify the active ingre-
dients in Xiaoyaosan responsible for neuroprotection. Methods : Xiaoyaosan was extracted using water, and the chemical composition of
extract was analyzed using high-resolution mass spectrometry and liquid chromatography. Moreover, we prepared Xiaoyaosan—
conlaining serum and established a corticosterone (CORT, 400 pwmol/L.) —induced PC12 cell injury model to evaluate the impact of the
drug—containing serum on the proliferation rate of PC12 cells. Then we used SIMCA software to analyze the correlations between cell
proliferation rate and drug components to identify the compounds in Xiaoyaosan that may have neuroprotective effects. Results: Com-
pared with the model group, the drug—containing serum could reduce the cell injury induced by CORT and promote cell proliferation
(P=0.000). Analysis of liquid chromatography—mass spectrometry data in software showed that the main medicinal compounds were :
paeoniflorin, glycyrrhizic acid, liquiritin, rosmarinic acid, gallic acid, 2-phenylacetaldehyde, (15Z)-9,12, 13—-trihydroxy—15-octadec-
enoic acid, salvianolic acid B, and licorice saponin G2. The experimental results of individual compounds showed that phenylacetalde-
hyde was effective in neuroprotection (P=0.000). Conclusion : This research proves that Xiaoyaosan has neuroprotective effect. Fifty—

five compounds were identified as potential ingredients involved in neuroprotection. Seven compounds, previously unreported and pos-

sessing potential neuroprotective properties, were identified in
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Xiaoyaosan. In addition, we demonstrate that phenylacetaldehyde
has a neuroprotective effect, which has not been reported. The re-
sults of this study provide a reference for elucidating the material ba-
sis of the neuroprotective effect of Xiaoyaosan, and also provide data

support for expanding the clinical application of Xiaoyaosan.
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509%~95%A ; 60~63 min, 95%~4%A ; 63~65 min, 4%A, K
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£1 AEIKECORTAIEPCI2MMTT &N EMAEE S (x 5)

MTT(0D490 nm {&)
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24h 48 h

NC 0.48 + 0.02 0.74 + 0.03
12.5 pmol/L. CORT 0.40 + 0.02 0.48 + 0.02
25 wmol/L, CORT 0.38 + 0.03 0.47 +0.02
50 wmol/L, CORT 0.36 +0.01 0.47 £0.03
100 wmol/L, CORT 0.34 +0.01 0.42 +0.01
200 wmol/L. CORT 0.32 +0.02 0.38 + 0.02
400 wmol/L. CORT 0.20 +0.02 0.30 + 0.01
800 wmol/L. CORT 0.07 +0.00 0.10 + 0.00
Fid 288.200 469.100
P1E 0.000 0.000
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PCI2 UML) , LS 20 AH L, 3 1 102 24 1 3 v R S 2 LA
PR Pl 25 40 MR G 25 0 B A SR, O 40 M B B R 20
121.2%(P=0.000) , 45 5 UL 2 Z2 2, AR A A0 3 i, ik
— P A T BRI T Ak 2 g i, N A T AR R SR 2R
PHERALEY .
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P 0.000
%F®>%§% @&'% %@%@§® {6
4 && 23 HEHAE RS AT
T 3 FRCRE IR P VR I €T i DL €T 4
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R3 HEHTERLEY
W5 t/min - 4T 7% (m/z) BT (MS) IRZEE Y 2R RIR
1 2.64  C,HO; 169.01297[M-H]-1 125.02274,97.02773,81.03296  -1.277 & BT HA
2 6.73  CHO  165.0544[M+FA-H]-1 59.01222,121.06419,93.03284  -1.317 H ¥ S
3 6.73  C,H,,0, 209.044427[M-H]-1 165.05424,121.02792,59.01225  -1.117 Butanedioic acid e
4 12.66 C,H, 0,, 525.16083[M+FA-H]-1  121.02779,165.05415,327.10800 -0.592 ~AjZjif HA
5 15.13  C,H,;0, 177.05409|M+H-H20}+1 145.02798,117.03346,149.05930 —0.541 &% E1E]
6  17.16 C,H,0, 417.118847[M-H]-1 255.06577,135.00716,166.02585  -0.265 HH HH
7 17.68 C,H, 0, 549.16101[M-H]-1 255.06581,135.00717,153.01778  —0.294 il I R/l S 1 R R
8 19.14  C,H,,0,5 631.16595[M-H]-1 169.01263,313.05533,465.13840  -0.893 6'-0-1& & Wi~ 25t FAS
9 2271 C,H,0, 207.10088[M+H-H20]+1 189.09042,161.09589,119.08514 -0.681 #JII= P T EIE|
10 24.09 C,H,0,, 509.1655[M-H|-1 121.02789,72.81155,179.07001  -0.949 4LF+ 4D HA
11 2458 C,H,0,, 609.181347[M-H]-1 301.07092,286.04761,242.05782  —1.153 REEH Wi
12 2482 C,H, 0, 717.14484[M-H]-1 295.06067,311.05536,135.04358  —1.720 FHHRB ey
13 2507 C,H,0,5 607.16627[M-H]-1 299.05542,284.03207,232.53540  -0.643 Hb L] B THEfif
14 2539 C/H0, 163.03845[M+H-H,01+1 139.98161,135.04364,145.02785 -0.491 WIMHERL i
15 2535 C,H,0, 359.077677[M-H]-1 161.02292,197.04420,179.03358  0.429 K iLFR Wi
16 27.57 C,H,0, 475.12469[M-H]-1 267.06610,252.04231,74.06840 0.105 -HELETY e
17 2874 C,H,,0, 417.119057[M-H]-1 255.06580,135.00713,148.01503  —0.055 S #iH H
18 29.19 CH,0, 255.06578[M-H]-1 119.04856,135.00714,153.01781  —-0.502 HHiZ/F HH#E T
19 3437 C,H,,0,, 637.17627[M+FA-H]-1  283.06158,268.03729,131.03235 -1.339 S¢fE1Y A
20 38.05 C,H,0, 271.0611[M-H]-1 151.00217,119.04861,93.03288  —0.097 Al % FI~g
21 4131 C,H,0,, 629.18634[M+FA-H]-1  121.02787,165.05464,413.42883  —1.190 < FH AT 254 /2K H AT 24 P G A
22 4173 C,H,,0, 301.07166[M-H]-1 286.04764,164.00993,242.05759  -0.101 K% Hhifi
23 4290 C,H,0, 301.07019[M+H]+1 286.04651,258.05176,273.07462  -0.565 = 4 i THEfif
24 45.69 C,H,,0, 983.4472[M-H]-1 351.05563,113.02273,193.03391  -1.609 H ¥ A3 HoE
25 4646 C, M0, 269.08112[M+H]+1 254.05659,213.09003,237.05429  0.285 TAEHIR T
26 46.60 C,H,0, 879.40051[M-H]-1 351.05557,193.03418,175.02332  -0.230 22-beta—Acetoxyglycyrrhizin s
27 4695 CyH,0, 469.33002[M+H]+1 175.14783,451.31973,233.15338  ~1.066 Glabric acid H
28 47.02 C,H,0, 329.23398[M-H]-1 211.13255,229.14334,171.10114  0.383 fliffn)o'if;ifd13'T“hydr°"y'15_°“m' AT
29 4892 C,H,,0,, 837.38965[M-H]-1 351.05551,193.03392,85.02776  —0.700 HFH &1 G2 H
30 5070 C,H,0,, 821.39502[M-H]-1 351.05560,193.03407,289.07404  -1.000 H#fi# e
31 5162 C,H,,0, 277.18015[M+H]+1 177.09064 ,145.06445,137.05933  0.479 6-Z4fiiH A%
32 5182 C,H,0, 283.06161[M-H]-1 268.03735,79.95594,231.59460  0.413 &AWER/ TR THEfif
33 5204 C,H,0,, 825.46283[M+FA-H]-1  617.40411,101.02270,779.45599 -0.470 &5 4fa e
34 5230 C,H,0, 193.12172[M+H]+1 137.05937,147.11653,93.07027  -0.446 A PER E1E)
35 5239 C,H,0, 455.35068[M+H]+1 73.05730,187.14738,285.21994  -1.292 FAXHR R
36 52.95 CH,0, 249.14838[M+H]+1 231.13737,163.07497,69.07059  -0.141 IARNARIL SR
37 5295 CH,0, 231.13745[M+H]+1 163.07489,185.13193,135.04366  -0.336 AR T A
38 5329 C,H,0,, 825.42383[M+H]+1 141.01775,189.16310,85.02886  -3.620 ZH/RHF R C HE
39 54.06 C,H,0, 367.118877[M-H]-1 309.03970,139.00215,352.09396  0.158 HHFEFLR/LHR HE S
40 5479 C,H.0,5 807.41602[M-H]-1 627.35156,583.36139,351.05524  -0.450 HHHEI¥ B2 s
41 5598 C,H,0, 353.103917[M-H]-1 125.02277,285.11279,243.10214  0.848 Liconeolignan s
42 5637 C,H,0, 381.13345[M-H]-1 351.08615,323.05569,311.05515  -0.912 H HAfd Ep
43 56.62 C,H,,0, 339.12271[M-H]-1 151.00214,187.11142,107.01217  -0.507 Licocoumarone T
44 56.83 C,H,0, 191.10611[M+H]+1 173.09569,145.10078,117.06983  -0.656 ] fik E1E]
45 5713 C,H,,0, 339.12152[M+H]+1 322.24774,323.23120,330.82108  -1.180 I HILIZ#H K GEES
46 5841 CH,0, 233.15317[M+H]+1 151.07504,187.14758,215.14243  -0.436 FAARMEET FIA
47 58.69 C,H,0, 371.14935M-H]-1 109.02784,246.08914,231.06514  -0.662 DMUHFEH R et
48 5894 C,H,0, 351.088177[M-H]-1 283.09711,241.08623,83.01216 0.759 FH R FHE B Ho
49 59.78  C,H,0; 335.09186M-H]-1 266.15073,75.11533,320.06833  -0.667 Isoderrone H
50  60.68 C,,H,0, 423.181157[M-H]-1 233.08098,193.08569,124.01504 -0.162 Gancaonin E s
51 6097 C,H,0 219.17357[M+H]+1 95.08579,123.08025,145.10074  -0.772 Selina—4(14),7(11)-dien—8-one SR
52 6122 C,H,0, 483.347417[M-H]-1 72.65161,405.31638,337.25113  -6.446 K5 FILMR s
53 6143 C,H,,0, 421.165347[M-H]-1 352.09406,365.10162,309.03967  —0.322 H1E [ 553 A/2'~hydroxylupalbigenin %t
54 61.55 C,H,0, 485.362927[M-H]-1 277.21667,75.12524,338.25394  14.543 +35IR wE
55 6246 C,H,0, 481.33182[M-H|-I 73.61987,175.11450,283.26385  —7.246 ZfLIHM C R
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2.4 ZE-fme Sk B 4k RAR W 1 3R P R ARAY 20830 AF A 49
ER 3%

T R A 27 I3 W T ARHE P UL IR 5, AR BF 5 2 1k B 0 T
T 25 MMEa W), R PEF T 2 AR VR TR OGSO R L 45
TR BRI LB (152)-9,12, 13-Trihydroxy—15-octadec-
enoic acid . T 38 G2 . Butanedioic acid . Glabric acid (A%
BRI EAT 25T RIS Y BEAT 25 N IR, oM 18 M &
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