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(Chuanxiong Rhizoma) decoction pieces, so as to provide a scientific basis for optimizing the production process and improving the
quality of Chuanxiong Rhizoma decoction pieces. Methods Taking the appearance, textural characteristics, types of volatile
components, content and types of volatile oil, and the content of key components of the decoction pieces as indicators, compare the
differences among low-temperature dried decoction pieces, vacuum-dried decoction pieces, microwave vacuum-dried decoction pieces,
and traditional Chuanxiong Rhizoma decoction pieces. Results There were significant differences in the appearance color among the
four types of Chuanxiong Rhizoma decoction pieces. Chuanxiong Rhizoma processed by the traditional method and vacuum-drying
method showed a dark brown color, while those processed by low-temperature drying and microwave vacuum-drying methods had a
slightly lighter color. Moreover, the Chuanxiong Rhizoma processed by microwave vacuum-drying had obvious cracks on its surface.
Scanning electron microscopy results also revealed that it had distinct honeycomb-like pores compared with the other three processing
methods. The analysis results of Chuanxiong Rhizoma volatile oil showed that the content of volatile oil followed the order: vacuum
low-temperature dried decoction pieces > traditional decoction pieces > microwave vacuum-dried decoction pieces > low-temperature
dried decoction pieces. Analysis of the volatile components in the decoction pieces revealed that the traditional processed Chuanxiong
Rhizoma decoction pieces contained the highest variety of volatile components, followed by those processed via vacuum low-
temperature drying, low-temperature drying, and microwave vacuum drying, respectively. However, the low-temperature dried
decoction pieces contained a higher number of unique volatile compounds. The determination results of the content of key indicator
components showed that the content of chlorogenic acid and ferulic acid followed the order: microwave vacuum-dried decoction
pieces > low-temperature dried decoction pieces > vacuum-dried decoction pieces > traditional decoction pieces; the content of
senkyunolide I and 3-n-butylphathlide followed the order: traditional decoction pieces > vacuum-dried Chuanxiong Rhizoma > low-
temperature dried decoction pieces > microwave vacuum-dried decoction pieces; the content of senkyunolide A and ligustilide followed
the order: vacuum-dried decoction pieces > low-temperature dried decoction pieces > microwave vacuum-dried decoction pieces >
traditional decoction pieces; the content of levistolide A followed the order: vacuum-dried decoction pieces > microwave vacuum-dried
decoction pieces > low-temperature dried decoction pieces > traditional decoction pieces. The total content of the seven components
followed the order: vacuum low- temperature dried decoction pieces > low-temperature dried decoction pieces > microwave vacuum-
dried decoction pieces > traditional decoction pieces. Conclusion Compared with the traditional Chuanxiong Rhizoma processing
method, the three integrated methods of fresh-cutting and processing have higher component retention rates, simpler operations, and
shorter processing cycles, showing the potential to replace the traditional processing method. Vacuum low-temperature drying and
microwave vacuum drying of Chuanxiong Rhizoma are indeed feasible.

Key words: Chuanxiong Rhizoma; traditional decoction pieces; integration of producing area processing and concoction; microwave
vacuum drying; texture characteristics; volatile oil; chlorogenic acid; ferulic acid; senkyunolide I; 3-n-butylphathlide; senkyunolide A;
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Fig. 1 Appearance traits of different Chuanxiong Rhizoma
decoction pieces
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decoction pieces.
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Fig.2 SEM images of different processed slices of Chuanxiong Rhizoma
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Rhizoma decoction pieces
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Table 2 Types and relative mass fractions of volatile components of Chuanxiong Rhizoma decoction pieces
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Table 3 Types and relative mass fractions of volatile components of essential oil from Chuanxiong Rhizoma
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RESTF®E 14 6 1 1 1 2 2 1 1 242 188 146 001 020 005 027 00l 020 649
HEA T TEANBHPEXT A G &, %] “2.7.47 Tk ik
274 EIEZMS RGUEHMEEE KA Ultimate AN E, R EIEE, ERILE 5. TAE

3000 M &S RRAEEAL; kAN Zorbax Extend
Cig (250 mmX 4.6 mm, 5um) #; WEIHHEN 0.5%
LRI W-C G, BREEVEML: 0~15min, 10%Z.5;
15~30min, 10%~20%Z.}5; 30~35min, 20%~
30%Z i 35~40 min, 30%~55%ZfE;: 40~45
min, 55%Z.E; 45~55min, 55%~95%Z.ffE; 55~
60 min, 95%ME; AR E 1.0 mL/min; iR
30 C; Ry 285 nm; BEFEE 10 ul; FRIRHREL
TR BTV T EAMIE T 4 000,

275 LREMEE BURAXTHIRSER. HA0E

TRAETRA X HE A 7 PRy U 7 €2 T U H 300 1)
TR B IS [B] A A WA 508 R, SR B SEER 7% 7
RN AL LA & S Ak o

2.7.6 LMHEXARFLE HURA NS EER, FKIX
FH 70% H B T% 2+ 5+ 104 20+ 50 {5568 AN [H)
JoT BV FE B R RV, LA X0 I S VA o B T
AR (X0, IR ALFR (V), LefilbriEliZ,
HEATZNERNH, 3R : 215 Y=184.830 X—
0.0174, r=0.9999, ZM:JEHl 1.5~75.0 ug/mL; il
B Y=298.600 X—0.0332, r=0.9997, ZitiuHE



F8 B 20255128 $56% B238  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 23

* 8555 «

6
A1 2 4
S A 3¥¥ > L 7 )
3

B 2 Yo 4

Y O G
C
0 10 20 30 40 50 60

t/min

1S5, 2-BIBRIR: 3-FF)I 25 lE I 4-VE)II S AEE As 5-IET
BRI 6-FiA B 7-RAIA R A

1-chlorogenic acid; 2-ferulic acid; 3-senkyunolide I; 4-senkyunolide
A; 5-3-n-butylphathlide; 6-ligustilide; 7-levistolide A.

Es5 JISHKNRETE A, RAMBRER B) FEAM
SRR (C) W HPLC
Fig.5 HPLC of Chuanxiong Rhizoma test solution (A),
mixed reference substances solution (B), negative control
solution (C)

2.2~107.5 pg/mL; 7E)IEHNBE 1 Y=650.150 X—
0.1619, r=0.9999, ZMEJEH 3.6~182.0 pg/mL;
FENE AEE A Y=34.129 X—0.061 9, r=0.999 9,
LR 6.1~303.0 ug/mL; 1E T 3EFAL Y=35.518
X—0.1182,7=0.998 7, {0 [# 5.1~257.0 pg/mL;
HANES Y=14.010 X—0.837 0, r=0.999 9, £t
JEH 78.1~3906.2 pg/mL; K4 IHNEE A Y=69.068
X—0.0143, r=0.9999, ZMTEH 1.8~92.0 pg/mL.
277 KR BURSX IS, 7£92.7.47
T TE AT, HEHFEIE 6 Ik, IR EAEIE
PRI TRIAR . 455 7 FhAR I R oy SR IR . P BRTER
FENNE NS I VI E Nl AL IE T EIREE, BEAN
Be M4 U R A WETAL ) RSD E 55108 2.31%:
0.76%- 0.19%. 0.34%-. 0.26%-. 1.17%. 3.67%, ¥}
NT 5%, 2 B s OB CL S SORS % FE R 4T
2.7.8 R thEiAEe  HURMOR AT RO R, 4K
MR “2.7.17 TUR 7 iEH & AW, £ “2.7.47
TSI, 00T = FBE 0. 2. 4. 8. 124
24 h INFHEREIIE , 0 SO iEIE IE T . 25 R
7 FhAFI R o R SRR« FIERRR « V)15 AR 1 )
HARE AL IETEORER,. BEANER. BCYIHNEE A
£ 24 h NI RSD {E 4514 1.30%. 0.27%.
0.87%- 0.72%- 1.41%- 0.61%- 1.02%, ¥J/NT 3%,
T IR A 200 T 3CE 24 h WS E I R I4F.
279 HEEMIRAE BB ETS TR 6
By, %M “2.7.17 WUR J7 ik & A I,
“2.7.47 TEREZMT, 0SS F AR .

SRS 7 MR SRR BTERER . VI
PG I R E AR AL IE T HE2RAK. BEARNER. JK
MANEE A FRES N RSD EH3 7N 0.85%-
0.67%- 0.56%- 0.59%- 1.78%- 0.64%. 0.93%, ¥J
INT 3%, RHIZINE I AR E M R
2.7.10  fOAEEIRCRIREE O E FR AR A
(IO B2 IR R RE A 6 s BT RS SR E 0.25
g, FEEION 7 FPAs Il o3 o0f BR VAR, IR
“2.7.17 TR 7 A B SVE T, 7R “2.7.47 Tl
TR N HERFEDE , T S0 T AR I T B Rl
o R T MFRFN R R IR ER . FTERER . VE)I 5 N
g I PRI NS Ay IE T 2EREE. BEARNEE . RKY
HNEE A B3 IFE [R5 7008 103.89%
107.72%- 107.74%- 103.35%. 104.58%. 100.96%-
102.54%, RSD {H53 7N 2.37% 2.05%- 2.40%-
2.36%- 1.47% 2.62%-. 2.33%, ¥J/NT 3%, Al
T 7 A R Ay B E
2711 FEREEIE  AEC2.17 U,
e, SR, W ERHRL) 05, RMHEMRE, %
“2.7.17 TUR7iER ALK, HIER “2.7.47
TN R SRR D e, T SR e TR AR e bm A it 28
EVH R AR A B B &R AT INNE 3 K
¥ 4 FPOASE )RR (9 HPLC B E SN “
2B R USRI RG AT (2012 B,
SR IE 6. B RPA 14 NMLEE, S5XHHE G
g S, AT 2. 4. 5. 9. 10, 12, 14
SN EE IR BUERRR . VS IR T )1 M e
A, TETHIRER, BEA N ERFIRR S A AR A

4 FAFNER A BRI —8, R

5 112

8
12 3 4 6 7 9Wniwm 154

_ fRIRHET

| FAE T

| t T A
i T

0 10 20 30 40 50 60 70

t/min

2-LRJRIR: A-PUERER: 5-VE)IEAEE L 9-FF)IIE AlE A 10-1ET
FEHRBR: 12-BEA N BE; 14-BRHI0ABE A.
2-chlorogenic acid; 4-ferulic acid; 5-senkyunolide I; 9-senkyunolide
A; 10-3-n-butylphathlide; 12-ligustilide; 14-levistolide A.
Bl 6 AEFEANINZIRKAH HPLC $FHEEE
Fig. 6 HPLC fingerprint profiles of different Chuanxiong
Rhizoma decoction pieces
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HAEH I, AR B EIEIESE 10 min (U 3)
136 min (1§ 6) J5HITL 2 NEEIE, R 2 PR
S ERHEMIR A £,

4 FNER R A& 20 E 45 Rk 4 Fow,
B NS AR IR 2R R ot 7 43 B35 KT 0.10%, i
JE (R E 25 2025 RN E BT o 25 500
IS R/EER . 7 Pl S & BN BT TR
>R > TR B2 TR RO > & Gk

Fro Horb, SRR BUBEER 1S SO R TR
YR SRRSO > HE TR > £ G0
FENNE AR I IR T 2B S BN gy > 1T
JERYC T S AR TR > i A TR )1
SAEE AL FARAERS BN TIRUOT > KR
TR > W B2 TR > A G Frs B AN
e A & BN T RO > MR TR >1IK
TR > G0

#4 TRTBEARNNSRFHFURSEE (X£s5,n=3)

Table 4 Content of target components in different Chuanxiong Rhizoma decoction pieces (X + s, n=3)

& 4U(mg-g™)

¥

el SR BISE IEAEL BISAEEA O FTHEER  BAAR BYAAERA KRB
i 0.46£0.00 1961001  1.67+0.00 10.72£0.06 0.74£0.00 131.7940.60 1284000  148.64+0.57
REMTOR  1.84£001" 3042001 06240007  15.04£003" 0561000  239.93+123"  141£0.00" 26244+121"
HEFEYE 05820.007%  2.6020.01"# 08710.00™% 15224008  0.6520.007#  284.13£098"%  1.7240.00™# 305.76%0.95"#

T B TARR 3.67£0.027#8& 3244-0,03798& (31 40,007#8& 12 560,107 #&& (.4440.01"#8& 22643 41,217 #&& | 5340,02"4& 248,19+ 1,137 #&&

S/EG0HE: *P<0.01; SREMTHOHE: *P<0.05 #P<0.01; 5EFTERUITHE: “P<0.05 p<0.0l1.

*P < 0.01 vs traditional decoction pieces; *P < 0.05 *P < 0.01 vs low-temperature dried decoction pieces; P < 0.05 %&P < 0.01 vs vacuum-dried

decoction pieces.

2.8 ARNIEIRAX 2 M IMFER KR A2
2.8.1 . EH5425 SD KR 42 H, M,
(2204£20) g, BEHLEF SD KR N2s F AL BRI
FIMEZGAH . B d IR d. BT
B H R BT RO, BH e R &H
AR 2, TAHER K, HAHRNRS THME
TP B S N E R4, S8R N 5
mL/kg, fR 1K, EE4Z 7d. AL ZFIEN
e 2 FE RIG R AR, %K R S5 A BT
LTk . AP R TS % 0.1 gkg
Y, BNER % 7.29 g/(kg A %i. ZHRTE
I S5 VR A0 B S DOy 5 v 28 37 KRR S I i A
B, BT IRAHIE 1 hIHTER, BREAARR,
HARSHKR M sc 2 IKERR'E FIRZE, HIEN 0.8
mL/kg. 2 1 XFES 2 h ¥ RRE T 4 CUkoKis
UK, 4min EEUHIFEET. T8 1 XVEM 4h )5
S 2 E PR, KRB BURNERREE. H5t
RHA RIESERAER, RGBT .

282 Mkl AT A 3 ORLAKIERL 12h
JE R R, bt s, WA, FRX
A M ET, TEROCHEEIm R R G R8T WK R
FERE AL M Az B, LA 25 /s (038 B R SR 5
FERPIRI 1 Mg M i, IR (RIRE A 1s, YGRS [N
20ms, B HKFBESKFE 60s, ERIE 7. X%
K BRSO LI AT b, o R 3 s i [ 1

e, KAMRUCRL A > B> 50>,

K HBOCHE AR AOGE K B 7 S0 A5 )
42 3d DASGERRE 12 h J5 KB H- R AL 14 1
WtEOL, AiRIE 5. BOCHOERA&E S, Mg
B ZL R BRI MR EROR, BT ¢, 3L
R M. 45245 3 d J5, T2 AR
M, RIS S NS U 4L K B B
AL RFI M ERK . 525 F 2 ML &
HAEL, 257 AR P R /K AR R 20 K B B R A0 LA I
WMEILREZER . SERA R T2 MR AT
b, RIS A SO K S ERA A I

H ML B R (P<<0.01). ZkZRe525% 7d &
LR RS MR A AL, SERS 12 h K R BREBAL Y
MBI 5 BT

R S AL, @At s, B K
B BRSAAL I R ) I i 5 2 PRI, 5 AL
Py R A b, AR A 1 O R R A ] I 1
M B ERFE (P<0.01). SR T4 Mk
HrEEMLL, 2SSO K R
AN E I AR BN (P<0.0D. 587
S AT M =M L, BRI 2 TR
AR RERESNEMLE N RELEEER. 5
FE R LT AR AR L, A TRy
S K R R B0 A1 I I i 2T 38 2 . AR
TR B3 M m AR L, B S TR
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R 12 h
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B Mtz

R

T2 T

HE TR

IR HT

E7 SEXREEBCHBEMKEE

Fig.7 Laser speckle imaging maps of the auricles of rats in each group

x5 FEAREBFHMRELIE (X+£s,1=6)
Table 5 Average blood flow perfusion in the auricles of

rats in each group (X £ s, n=6)

3 &/ IR JE/PU

(gkgh)  %H#3d i 12 h
= H - 242.22416.85 2485311551
LAY - 24629+8.81  203.98+9.51*
BH 425 0.1 278.13+£11.64™ 309.94+10.64"#
BT 729  266.34+16.53** 264.02+10.94%
IR TR 729 271.24+18.11" 280.22+£13.347#
BT 729 267.58+22.93" 278.22+7.28"#

Mk B AT 729 281.85+£9.30™  303.57+8.977#

Hagats: "P<0.01; SHAALLE: #P<0.01.
**P<0.01 vs blank group; *P < 0.01 vs model group.
J 2EL B OR B R 4 Jel ML )L B G 2 2
2.9 ZAMBUTES (grade point average)
AR BERE . 90 48R & &, FIER. Aa
I Ry Je 2 B i ML 2 RV E RN AR PR EAT E 52, 3
HRERE . WIVEL FEA . PUERRR . AR S
A AL 24 20 FH R RLE SR80 7009 0.6 A1 0.4, fiff
L Bk, RS R PRI, SRR
EIAERE A 0.1, 0.1, 0.1, 02 F10.1. §%
B WMk $EAOM S R BURRIR . Al sl
B =01/ wimes) X 0.1 TSRS, wi
Rl P AR PRE A Wi 16 4 B S

iR PR & 2= VT4 = (W2/Wamax) X 0.2
THR B ERR VT 73, wa R B SRR &5 &, Womax A28
4 PR BB R & A i s T I 2 R VR
73 =(W3/Wamax) X 0.4 TR 23800F5, ws BARA
I PR S5 I FE VL B, wamax A2 T8 4 RO P71y
M B il % GPA=(REE TS+ WML
oy ¥ R R VS - B AR R VY 43+ A5 A I Ay
SE B VRS I L2530 E FIPR43) X 100 T GPA.

M3 6 ZEAVE 4 Rl AL, AEGK NEE AR
539 81.27, ARIRMET R LG TE5r 4 88.84,
BFARK A ISE AN 9121, BRI 2T HRIK
FHIZEE TR N 96.60. FHZEE VR &5 F o Hr ml 4,
JNE 4 TER A8 50 92, tEGR A F1
3954 81, MR A, NE — ik T2 5145
RO R AT o ANFAE R 3ol 25 S R TR WO £ 5
HKRE, B TRRKARARS, WEE. P,
B ZRRR & EAZBCRE, T 2 TR R A
o Fi4b, METFAAGU T HSRE, — AR
KRHITAR A, e, DL EgE R — ik
TAVIeAT, TAME, LR, afE/EE.
210 SitESH

SZG¥E K- F IBM SPSS Statistics 27 #1f &2 4;
BTG, SR X +s £, R IESE,
i Z2550T, IR HCRCR B R 327 22 0 AT (analysis
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Table 6 Comprehensive score results of different Chuanxiong Rhizoma decoction pieces
R R B 4 B (mg g ) G b
7 iy [Ere » e Y N2 y
(efmm?) (gfmm™) %  FTELER SRJEFR VIS M LIS B A IET2ORBK BOARNEE BCHANEEA 2 0
&4 19311.33  0.77 032 196 046 1.67 10.72 0.74 131.79 1.28 0.35 81.27
R AT 16936.93  0.63 026 3.04 184 0.62 15.04 0.56 239.93 1.41 0.37 88.84
BT 16 780.57  0.77 033 260 058 0.87 1522 0.65 284.13 1.72 0.37 91.21
W E T4 1936163 0.79 028 324 3.67 0.31 12.56 0.44 226.43 1.53 0.40 96.60

of variance); 5 % AFFH), {#H Dunnett’s T3 56
3 g
JEAEAIGR T 2y, 2o i B
SR PRTT 20 N N 2R R 25 A
JRE )RR 2, MK TR &L T2
HEM . IR, SESUOT AL, RIEME T
B DLS e 5 R i S SRR U2 i
IR, NS AN AL BEANES. CYIHANEE A
SEIRPR IR Ry, HE W R 5IX 3 AT
D T KM BEIAATE %. ARRIR ) AidiRE,
BEIAAT A Tt il R IR BT R S5 7K I P B 43 () 4
SO, WA SRRy S SRR AN T SRR 2 e 3 A
EEDIHIN T — ik TEAK. R, —HRAEAA
MR FIR R A YD, R TR S5 T
BT A AR AR R BR R AL A 001, T A P g
AN E AR A 2R EADGRRA ), MR T
FEORPRS T I HEOREROT181 L gk 40 Wl T Ak
L, HAERE R AR TR A, Wb e
JNE NS Ay BEAR N EEAIRR SN EE A SRR 3 Fh
EEETIHIN T — R T 2K, A1 =5 IS
[ FIE T ERECE Ea T 3 R ERDIHIIn T—& 4t
T2Wh . W, 4 Fi)ll=m A 5877725 ALE
RO M I R P L VR v AN A A BU0E 2R T
253000 Y, R I BA R I 2528
K— AT ISR SR T S, o —1k
M B FEHFR) BRI PR B FH AL 1 B AR AR
=R MmN S EEEEN 2 —, BA
B BURDL PR frEL. suMIESEER,
[F I 3 2 — P WL 258 A RS 1220, f B2
RN . V545 i 32 B2 4K 2% B o 4R R R 2R R
XK MmiE, BERAEY), HPEEANIER SR
35%~53%3e I FSHE A il mT LIS I 3 5 40 i P A
% A IE AN 2 B AR R R BUSEA PU
PR GRY . MR SEERRY. ImIRBE 7RI %
FERCMAEIRIT IR G B 28« R AR ILE o5

SR A AR Iy 225200, AHIF I R B 2 ik

HAT AR S, R MR A & BN

R, HC IR DRI AT RE AR AR A2 15 7K 4 B Ak 25

R, TR T Bika 2 LG50, SR M 25 5y AHZA

WHEBIR . R, 1E TR 3 E IR AR

M T Pudieds . AHEERE, SRREIRS, M

DR YE R B i, 3 B RN By R S 25 5

Ko BT L AR )1 55 5 A A A3 A M

o NS S EAR T AL AT DLS At 2 B2 i ) |

Tk, (HRMETET, MikETT

PRI, AL G0 T 4650 24 4%, BAREKE

TR 4akE 12 7%, BETSTR45 4 75, HAMI

PN 5T it B B TAE SR
g LTk, EAMRIRTR. i E IR

FRFH T NS EIHIN T4k, HES T4

TR A SRR R L R R A R S T

HATBROR AL Bt B SRR TAE SR

Jv, IF B B RO B I 2 A IR AT R4

I CAGRE , T2ME, LE, PIsEaiqT.

{ER AR FAXM AP AR . BT bR o3 P = S i

L2580 A BE AR T 1 35 2SR T R A Ak 35 2 T

ST N E O d N C— b a7, S8R

XM 2 R R I BB 245 ROR 22 A MR EAT IR

W% .
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