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ABSTRACT: AIM  To investigate the distribution of senkyunolide I, senkyunolide H, senkyunolide A,
adenosine, levistolide A, chlorogenic acid, caffeic acid, 3-butylidenephthalide, ferulic acid, 3-N-butylphthalide
and ligustilide in Chuanxiong Rhizoma before and after processing with wine in brain tissue of cerebral ischemia-
reperfusion rats. METHODS The model for cerebral ischemia-reperfusion was established, after which rats were
randomly assigned into two groups and given intragastric administration of raw product and wine-processed product,
respectively, brain tissue was collected at 15, 30, 60, 360 min, UPLC-MS/MS was adopted in the content
determination of 11 constituents. The analysis was performed on a 40 °C thermostatic ACQUITY UPLC BEH C,
column (2.1 mmx100 mm, 1.7 pm), with the mobile phase comprising of acetonitrile-0. 1% formic acid water
flowing at 0. 3 ml./min in a gradient elution manner, and electron spray ionization source was adopted in positive

and negative ion scanning. RESULTS After processing with wine, the contents of senkyunolide I, senkyunolide
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H, senkyunolide A and ligustilide were increased, along with the introduction of adenosine. Senkyunolide T,

senkyunolide H, senkyunolide A, adenosine, ferulic acid and 3-N-butylphthalide were rapidly distributed in rat

brain tissue, whose contents ( except for ferulic acid) in the wine-processed product were higher than those in the
raw product after administration for 15 min. CONCLUSION  Senkyunolide I, senkyunolide H, senkyunolide A

and adenosine may be the main material basis for elevation effect of Chuanxiong Rhizoma after processing with wine.

KEY WORDS: Chuanxiong Rhizoma; processing with wine; chemical constituents; cerebral ischemia-

reperfusion ; brain tissue; UPLC-MS/MS
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SR, Rt R A A T BRI OR 9% T R U
PR AEIRITEMY . RN, IS R
STHBELRM, YW, R, SRS, HhiE
RS o N ARIRS | BRI IR
%, URBE S B E Y, BIEENISHNE T,
JIEWE H, WENER A, Z-BEARNE, IET 3
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TR R TR (23+2)°C, AHXHEEE (50+5)% ,
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4.5 min, 15% ~30% A; 4.5~7 min, 30% ~60% A;
7~11 min, 60% ~70% A; 11~12 min, 70% ~ 100%
A; 12~13 min, 100% A; 13~13.5 min, 100% ~5%
A; 13.5~18 min, 5% A); PAFUHE 0.3 mL/min;
FEIR 40 °C; HEFERE S pL,
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HNBE A 28 pg/mL, BT 13 pg/mL, B &1 R
14 pg/mL, WIMERR 7 wg/mL, 8512 8 wg/mLIYHE
W, WeH 1 mL % 1.5 mL EP 45, 13 000 r/min
B0 15 min, BRI, 0.22 wm BALIEME L IE,
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210 mL/kg 43 0E B 45 7 A4 0 LA, R
2882
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3.3 LA OB “3.27 Wi K414! 100 mg,
BT LS5mLEOET, A0 4 mL HEE, 5151
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W R 1.5 mL BB AIRERE R
P %5 BE AL 0. 8 mg, HEEFMIBEE 4 wg/mL, 1ENN
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3.4 FHEFHEK

3.4.1 TEMEIAE B AmAS, S ARS8
Jxs BRI RN AR . #EH 25 2505 15 min fii4H 21
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3.4.2 ZMERREHR O “3.37 WUFEHMKA
ZU5]H FIE W 200 pL, MKWKANA 20 wL Xf HE &%
W, 20 pL AR, 160 wL I, HISENTE A
Fig 1 i 43 o 900, 450, 180, 90, 45, 18,
9. 4.5 ng/mL, VEJIIZ NER H BTERE 510 750
375, 150, 75, 37.5. 15, 7.5, 3.75 ng/mL, Fi
BRBR B v B 4> W 700, 350, 140, 70, 35,
14, 7. 3.5 ng/mL, %55 R o & vk B 43 551 o~ 400,
200, 80, 40, 20, 8. 4. 2 ng/mL, MIMERR &k
JE4y 1k 350, 175, 70, 35, 17.5, 7. 3.5, 1.75
ng/mL, BRIFBTEHK L5310 650, 325, 130, 65,
32.5, 13, 6.5, 3.25 ng/mL, FRSUTPHMEE A JFis
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7 ng/mL, T M FE R TR BT vk R 4 S 550, 275,
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Fis A JFRESRE /30 100, 50, 20, 10, 5, 2, 1,
0.5 ng/mL, 1E T JE A FRTT & ¥ 5 4300 700, 350,
140, 70, 35, 14, 7. 3.5 ng/mL, i/ s &
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ng/mL BJHLIGSW, VIS5 & e B 200 ng/mLAY
WA W, % “3.3” WMk, 7F “2.17
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4.1 Bmaods SAENEE, WIIEDE)
BB, RN AR AL RIS NEE H, SR
fis . MR TE (P<0.05, P<0.01), T Wi rhafnn
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Fig.1 Comparison of contents of various constituents in
Chuanxiong Rhizoma before and after processing

with wine

4.2 TTC #& wBid] KNS E RN (33. 67+
4.80)% , SIEHAHREMILA BEER (P<0.01),
ROAERNT, WK 2,

4.3 FiEFER

4.3.1 HEMRE HE 3 A, &Kl

EWA
B2 TTC#&E
Fig.2 TTC staining images

AW, WIS, RUIZITE LRI

BRAA
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4.3.2 HRMERRFZE WHRIL, TSRS
FIL RN ZMESC R AT,

xR1 BHITEEXR
Tab.1 Linear relationships of various constituents
Lt/ ER TR/
(ng-mL™")  (ng-mL™")
4.50~900 4.50
3.75~750 3.75

By HYEYEE: r

PENZSABET  ¥Y=0.072 3X-0.006 4 0.995 7
PENEAREH Y=0.045 7X+0.000 8 0.992 0

WinERR Y=1.143 9X+0.018 6 0.9989 1.75~350 1.75
PR Y=0.085 3X+0.000 7 0.998 0 3.50~700 3.50
LRER ¥=0.597 3X-0.000 4 0.999 6 2.00~400 2.00

Jtr Y=0.41X+0.4063 0.9921 3.25~650 3.25
FCYIPAMEE A Y=4.322 9X+0.1824 0.998 7 7.00~1 400 7.00
TIHHEAEEL  ¥=0.028 9X+0.0049 0.9982  5.5~550 5.50
PN HMEE A ¥Y=0.408 1X+0.017 7 0.9863  5.00~100 5.00
ETHAER  Y=0.999 3X+0.0289 0.999 4 3.75~700 3.75
BANEE  Y=2.407 1X+0.009 7 0.9980 2.50~500 2.50

4.3.3 KEEE . WEREIRE ARTEEE T H
P, HIEDRS %55 RSD AT £15% , FRIZ %
HEEMRA, TR, WE2,
4.3.4 FEtiE ANFEZMT RSD H/NF
10% , RUIFESREERL, W3,
4.3.5 FRIUAIWCE | PRV IRES A AT R
[ 2R AE 86. 54% ~99. 18% = [a], ¥J4b T £15% 78
BN, AR A EIREAR 3B S0 5 2% B A 25 JBT 20y 78
100. 32% ~112.73% Z [8], FKHEANIAZ LT HE
FHTHE, k4,
4.4 B sA GERILES,
5 WS4t

KM IRIE, R RS R AN
FER S, RO BA R ER . SRR R
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T T
56 7 8 9 8 9 10 11 I 2 3 4 1 12 13 14 15 2 3 4 5
t/min t/min t/min t/min t/min
MMMK B e e i e | M W | L L L
3 4 5 6 7 8 9 10 3 4 5 6 7 10 11 12 3 4 5 6 7
t/min t/min t/min t/min t/min
6.73(1) 9.35 1.29 12 64 3.86

3 4 6
B 6.98(2)
i A
T T T T LIS I B N N B N B LI L N N N B I T I LI I T l rrrrrTrrTTT
5.6 7 8 9 8 9 10 11 1 2 3 4 13 2 3 4 5
t/min t/min t/min l/mm t/min
4.16 8.42 535 5.16
7 8 9 12
9.47(10)
}\ NjOS 11)
T | LI L L LI
3 4 5 6 7 8 9 10 3 4 5 6 7 10 11 12 3 4 5 6 17
t/min t/min t/min t/min t/min
1.27
6.74(1) 4
c 12.635
9.35 3.81
6.95(2) 3 A lﬂ 6
| T |‘ T | T | T | LI L L L
56 7 8 9 8§ 9 10 11 1 2 3 4 1 12 13 14 15 2 3 4 5
t/min t/min t/min t/min t/min
418 8.38 5.16

9.46(10)
10.09(11)

T T [ I
7 8 9 10 3 4 5 6 7 9 10 11 12 34 5 6 7
t/min t/min t/min t/min t/min

e A~C AR ARA L 25 FURA UM IR SRS . B A 20)5 15 min IN414L,
Lo FENESAET 2. {iJIIHWHuH 3. FNENEE A 40 BREF S WCYIAWMER A 6. SRR 7. IMERR 8. TUMIEIREK 9. BEEER
10. IETHAEE 11, FEANER EE¥ S 2y TR

1. senkyunolide T 2. senkyunolide H 3. senkyunolide A 4. adenosine 5. levistolide a 6. chlorogenic acid 7. caffeic acid

%)
~
-
w
[=}
_E [
w
| 1%
\O'h
. —
LSS}

8. 3-butylidenephthalide 9. ferulic acid 10. 3-N-butylphthalide 11. ligustilide 12. calycosin-7-0-B-D-glucoside
B3 &4 UPLC-MS/MS &it[E
Fig.3 UPLC-MS/MS chromatograms of various constituents

W], AR YRS AT GRS L I TE B Y, Bl R R RO R, ARSI e b
FENENER | AT R4 i R B AR, FENIS A 3R 1 AR RS AR

Fig H WiAb S w706 PC12 i d T, IE T3 NEBESE, NS NE T EIS B H,
DRBRAT USRI A FENIE R A A PUIMARYE PRI IR AL BEAS YR S RS IR AE B 2. 10
NS PO EIUHGE, WY ER A ATEFSR 2,320 133, 1.60 fi%, JESIA TR, A4 6
SEATAL, BT RRER R A MR A e, TOEEAREE, Al S EICH AR, RTRRRE ROy IS A L
WML | ARIERA DU, PRGBS BRI R T T A A, ek T R
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F2 EBRMBEE. EBERKRER (n=6) X3 BEHREER
Tab.2 Results for precision and accuracy tests (n=6) Tab.3 Results fo stability tests
=y H Pk % i H [a1Ks % i ey RSD/%
% PRI J5 ik I Il % ity e REURM  -80 CHALT
(ng-mL™") RSD/% RSD/% (ng-mL™")  URELIEIR )
R/% R/% 3K 90 d
(g 560. 00 90. 17 2.42 91. 62 5.13 (g 560. 00 4.02 1.41 5.06
70. 00 89.70 3.63 89.29 4.67 70. 00 4.01 6.95 2.10
7.00 96.14  12.78  92.29 9.91 7.00 4.69 4.07 4. 60
THRILRBE 440.00 90. 17 3.56 91.00 5. 66 THRIERBE 440.00 4.94 2.98 2.07
55.00 94. 29 5.32 96. 24 7. 41 55.00 7.39 9.65 3. 14
5.50 93. 82 8.53 93.09 7.42 5.50 4.14 7.84 3.12
HANEE  400.00 95.77 2.81 96. 74 3.93 FANEE  400.00 2. 12 1.58 3.61
50. 00 99. 06 3.27 93.96 6. 88 50. 00 2.77 2.41 5.43
5. 00 97. 00 8. 66 94. 60 7. 40 5.00 4.98 2.96 4.76
IR 280. 00 90. 94 7.72 90. 90 6.11 L iy 280. 00 2.41 3.93 2.96
35.00 93. 03 3. 44 91. 66 5.74 35.00 0.73 2.66 0.65
3.50 89. 71 7.01 91.71 6.85 3.50 4.69 7.49 2.17
SRR 320. 00 90. 69 5.02 91.36 5.41 LR 320. 00 3.98 2.54 2.26
40. 00 89. 30 3.00 89. 20 4.23 40. 00 1.10 1.73 6. 61
4.00 88. 00 5.68 89. 50 7.82 4.00 9.32 7.03 6.58
RS A 1120.00 92,57 8.07 94. 49 7.78 FRSIH AR A 1 120.00 1.29 5.23 1.63
140. 00 99. 01 9.26 97. 74 7.07 140. 00 1.73 6.52 6.21
14.00 88. 14 9.97 89. 64 8.37 14.00 2.40 3.84 3.82
Rt 520. 00 94. 90 8.51 93. 68 7. 64 S 520. 00 4.21 3.66 3.46
65. 00 91.46 8. 04 90. 23 7.35 65. 00 4.57 3.47 5. 60
6.50 98. 62 10.45  96.92 8.89 6. 50 9.79 4.72 5.42
HNIENEE A 80.00 96. 74 6. 69 97. 40 4.84 HNE AR A 80.00 2.43 0. 88 7.35
10. 00 89. 60 3.01 92. 80 5.82 10. 00 6.17 5.32 3.47
1.00 100.00  9.00 94. 00 9.57 1.00 7.95 5.49 7.53
FENE NEE H - 600. 00 91.94 6.16 92.49 5.78 NS NEEH 600. 00 4.97 0.79 0. 80
75. 00 90. 41 4.81 91.19 5.38 75. 00 2.48 7.46 7.24
7.50 99. 07 8.88 95.33 8.95 7.50 7.99 7.95 6.22
HNZABET  720.00 90. 88 6.12 91.21 5.59 PN NEE L 720.00 1.79 2.50 1.50
90. 00 89. 56 2.87 89. 98 2.74 90. 00 1.08 3.03 3.46
9. 00 97.78 6.02 96. 44 5.65 9. 00 3.62 2.09 2.51
IETHIERK  560. 00 93. 59 7.34 92.74 6. 60 IETHIERK  560. 00 4.42 6.32 8.83
70. 00 98.51 3.83 95.09 5.23 70. 00 3.01 5.13 5.36
7.00 90. 57 4.89 92.71 6.78 7.00 3.39 3.37 6. 06
F4 REEWE, BERUMIREER
Tab.4 Results for extraction recovery and matrix effect tests
% R/ (ng-mL ") PRI /% U/ %
IRV iy 560. 00 89. 96 103. 08
70. 00 90.78 104. 29
7.00 87.91 108.79
TR BEARTR 440. 00 92.33 103.91
55.00 96. 40 106. 41
5.50 99.18 105. 97
B N g 400. 00 93. 58 106. 00
50. 00 98.11 106. 44
5. 00 90. 07 108. 82
Wi 280. 00 89. 82 105. 33
35. 00 94. 69 104. 70
3.50 88. 23 110. 06
f R 320. 00 90. 44 103. 40
40. 00 91.76 112.73
4. 00 92.12 108. 20
WY I R A 1 120. 00 91.40 102. 80
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B R )E/ (ng-mL™") PR EL AR /% I RN/ %
140. 00 94. 47 103. 83
14. 00 86. 94 106. 98
358 520. 00 96. 43 104. 36
65. 00 97.17 100. 32
6.50 91.90 107.75
HENE TR A 80. 00 94. 00 102. 16
10. 00 92. 69 109. 05
1.00 91.92 110. 10
HINE MR H 600. 00 94. 50 103. 92
75.00 91.33 107. 96
7.50 92.26 108. 78
N E R 1 720. 00 90. 01 103. 11
90. 00 88.77 106. 81
9.00 93. 62 108.75
1E T 3ERK 560. 00 92.92 103.70
70. 00 95.76 105. 71
7.00 86. 54 107. 32

x5 BEAEXRMALRFHSIH (ng/100 mg, x+s, n=6)

Tab.5 Distribution of various constituent in rat brain tissue (ng/100 mg, x+s, n=6)

% E 15 min 30 min 1h 6 h
[(GEs i e 15.52+4. 15 10. 68+1. 93 5.71x1. 14 5.35+3.26
AN 18.71+7. 15 14.22+6. 74 6.03+2. 02 2.17+0. 52
B E- 3 S0N HEPl R 350. 30+200. 47 225.12+129.33 103.31£51.73 53.15+23.39
N 282.99+103. 52 159. 88+57. 14 99. 8+41. 60 64.54226. 48
BEA AR W= 1.64+1. 13" 1. 76+0. 60 ™ 1. 00+0. 65 ** 0. 60=0. 24 "
AN 4.48+0. 87 4.39+1.73 3.22+0.49 2.98+0.38
WA R W= — — — —
ENE — — — —
R HEYl 0.71x0. 56 0.5620.22" 1.28+1.38 0.350. 15
AN 1.20+1.01 2.07+1.80 0. 58+0. 30 0.55+0. 31
VISR W= — — — —
ENE — — — —
i3 W 145. 34+46. 31 225.94%166. 28 ** 358. 54+162.79 171.77+155. 81"
AN — — — —
FENZE R A W)= 39.94+21. 16 16. 37+3. 28 6.26+2.92 3.42+1.23
ENE 32.20+15.28 11.50+5. 20 8.16=0. 81 3.52£1.08
FENE N H W)= 20.67+9.22*" 5.63£2.20" — —
ENE 5.93+2.59 — — _
HNE NG T WNE 107. 44+17. 84 41.41+6.39 24.87+3.72 24.17+9. 41
N 40.09+8. 77 35.1127.73 20.97+2.52 18. 96+0. 64
1E T 3R BR W= 2.78+2. 11 2.55+1.65™ — —
AN 3.85+1. 81 6. 26+4. 00 2.47+1.35 0. 96+0. 53

T SENZFHE, * P<0.05, ™ P<0.01, —F/RARKH,
4 MRAERD NIRRTV BSOS BRIR . TRRREARTIR R A N ko -P R R B
PERRE AR, 5800 /R, SUh i, 4525 15 min J5 BRI ARG I 38 4055 19
FNENEE L WIS NE H SIS AR AL BT YR, AR EZEAMG R s WnEmR . B4 5
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Zi LRk, N E S A 2R = NS 1
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