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Abstract: Objective To optimize the preparation process of Angelicae Sinensis Radix cellwall broken powder (ASR CBP) and

evaluate the physical quality of powder. Methods A HPLC method was established for the determination of five active constituents
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(ferulic acid, senkyunolide I, coniferyl ferulate, ligustilide and n-butylidenephthalide) of ASR. The Box-Behnken response surface
design method was used. The pulverization time, pulverization temperature and sampling capacity in the pulverization process were
investigated. The particle size distribution (Do) of the broken wall powder of ASR and the five active ingredients content were used as
the response value to construct the response surface model. Under the premise of Doy < 45 pm, the maximum value of the five active
ingredients was calculated to optimize the superfine grinding process parameters. A total of 13 physical indicators of Doo, coefficient
of nonuniformity, particle size distribution width, bulk density, tap density, interparticle porosity, Karl index, specific surface area, pore
volume, Hausner ratio, angle of repose, loss on drying and hygroscopicity were used to establish the physical fingerprint of ASR CBP.
The similarity evaluation method was used to evaluate the similarity of different batches of ASR CBP. Results The methodological
results of the HPLC method for the determination of the five active ingredients were in accordance with the guidelines. Results of
response surface method showed the optimized preparing parameters of ASR CBP technology as follows: 35 min of pulverization time,
=10 C of pulverization temperature, and 580 g of sampling capacity. The RSD values between the content and the response surface
fitting results of five active ingredients of three batches of cellwall broken powder prepared by the optimal process were all less than
3%. The similarity of the three batches of the optimal process of ASR CBP was above 99.4%. Conclusion Box-Behnken optimized
preparation method of ASR CBP has obvious advantages in retaining the content of active ingredients, especially volatile components.
Physical fingerprinting has good practical effects as a tool to evaluate the consistency of physical properties of Chinese material medica
powder. The combination of applications helps to achieve a higher quality control level of Chinese medicine cellwall broken powder
production.

Key words: Angelicae Sinensis Radix; cellwall broken powder; physical fingerprint; quality evaluation; ferulic acid; senkyunolide I
coniferyl ferulate; ligustilide; n-butylidenephthalide; Box-Behnken response surface design; HPLC; particle size distribution; bulk
density; tap density; interparticle porosity; Karl index; specific surface area; pore volume; Hausner ratio; angle of repose; loss on

drying; hygroscopicity
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1-ferulic acid 2-senkyunolide I 3-coniferyl ferulate 4-ligustilide
5-n-butylidenephthalide

1 BAZE Q). REXRE (B) MIIREMER
(C) B9 HPLC

Fig. 1 HPLC chromatogram of solvent blank (A), mixed
reference (B), and ASR CBP (C)
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TR H A 98.44 45.5. 219.3. 1 340.0. 79.9 pg/mL
(IR A %o T B B, 4 CORAT - KSR EL 1 mL
SRS BT 10 mL KRBT, e, Hifg.
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J7 & ARy, R B AR OE A S A B EE Ay
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Rk, 25 CEAHE (560 W, 40 kHz) 45 min,
A, #EIRREIR R, 1 0.45 pum JEMR, HULEUE
W, ENE.
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SRS B 0.24 0.5 0.8 1.0+ 2.0, 5.0, 10.0 mL
SET 10 mL AR SR, INFRR-FREE (5:95)
WIMBEZRZIE, ®E), A3 7ARIREWRE
VR A ST IR VA, 1% “2.2.17 TS & T2
BT, ARSI i & o i i foR R AR = (Y,
REXHR M SR KR E N AR (X S T4
BV, 43507 8850 A N8R EE Y=24.237 X+
0.0855, r=0.999 6, VG 19.7~983.7 ng: ¥¥F
JIE NEE T Y=71.527 X+0.029 6, =0.999 8, Zkit:
Y 9.1~455.4 ng; FIZLEAAHIEE Y=19.302 X+
0.030 6, r=1.000 0, ZIH:7EH 43.9~2 193.0 ng:
A AEE Y=24.656 X+1.050 2, r=0.999 8, £k
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X+0.1212, r=0.999 7, Z&VEul 16.0~799.1 ng.
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AR T HADSZIGRE S, Doo T KFEM (11 5 5256)
(R BEA Y BiE & Bodem (10.561 3 mg/g), A REJRA 3
SRR, HA K RS, Y
VAR ) - B R B AR N iR B R PRGN
4 X — i R B REEE R WA AN B 4

FH Design-Expert 8.0.6 {455 6 /N NAE AT
AT, HmNAERILE TR A P AES A Y=
42.65—34.61 A+2.00 B+21.54 C—1.48 AB—13.72
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AC+0.001 6 BC+0.003 1 A240.016 1 B>—0.007 7
C?, P=0.0222; Ys=10.057 9—0.3953 A+0.070 2
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BC—0.001 0 A2+0.086 5 B>—0.316 0 C?, P=
0.001 4; ¥s=0.197 3+0.021 1 A—0.003 2 B—0.018 0
C—0.003 5 AB—0.020 7 AC+0.002 6 BC+0.004 0
A2—0.004 3 B>+0.0104 C%, P=0.000 3.
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F 1 HEWEEMIE T Z Box-Behnken Mg N EIRI R HIE ZKERER
Table 1 Factor level and result of Box-Behnken response surface test design of ASR CBP
F5  A/min B/C Clg Yi/um  Y/(mgg')  Vs/(mgg!') Ya/(mgg') Ys/(mgg') Ye/(mgg)
1 20 (0) =10 (=1) 600 (+1) 60.404 0.1797 0.124 4 1.6237 10.2200 0.189 4
2 35(+1) -10 400 (0) 31.851 0.1813 0.1425 1.596 8 9.9355 0.2187
3 35 5(0) 200 (-1) 20.386 0.186 6 0.161 6 1.4520 8.3053 0.2793
4 20 5 400 43.086 0.186 5 0.1256 1.609 5 10.138 3 0.198 7
5 20 5 400 45.191 0.1899 0.128 5 1.5933 9.984 7 0.197 6
6 20 5 400 44.926 0.1891 0.128 0 1.594 0 10.125 7 0.199 4
7 51 5 200 65.404 0.1872 0.124 5 1.6154 10.002 8 0.1851
8 5 -10 400 94.873 0.1773 0.1221 1.6162 103125 0.1802
9 20 5 400 41.472 0.186 7 0.126 6 1.604 4 10.040 9 0.193 1
10 5 20 (+1) 400 99.468 0.1809 0.120 6 1.686 4 10.473 2 0.1822
11 5 5 600 143.773 0.1856 0.1203 1.681 8 10.561 3 0.1855
12 35 5 600 43.871 0.1892 0.128 4 1.647 8 10.094 1 0.197 0
13 20 -10 200 25.618 0.190 7 0.143 6 1.584 6 9.194 5 0.2257
14 20 20 200 31.577 0.1925 0.1315 1.597 6 9.5828 0.2124
15 20 5 400 38.598 0.1932 0.127 1 1.617 8 9.999 8 0.197 8
16 35 20 400 30.514 0.196 5 0.129 8 1.5928 9.8522 0.206 9
17 20 20 600 67.219 0.198 3 0.123 0 1.6429 10.316 3 0.186 5

H, 7ER | FREMACEEE PN, B Rz
434 Do (P<<0.000 1) BIEEfR (P=0.038 8). ¥f
JIZ AR T (P<0.000 1). FIELRRIAHIEE (P=
0.005 6). BEANAS (P=0.000 6) F1 T 4HE B
(P<<0.000 1) B E35A B2 5200 s Ky 0 T fi]
R (P=0.003 1) FI7FE)IE AEE T (P=0.007 2)
&R MW, YRR Do (P=0.307 1)+
Rl SRR A ARG (P=0.307 1) EA NS (P=0.3318)
AT IRIEAEL (P=0.207 9) WIS LS #0m Xs
FERIEFRABIELRR (P=0.641 4) SELEEMH
b, S F AR AR I AR Y A R MR . A5
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500
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125 A/min
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Uk D o AE [ E BORHEIN, BB e R, T
PR, BTERIRI & BB Tt s B IR
I 1] R0 B AR AR P58 P UG )11 5 R T R T
e PERTTASIR L — RIS, B/ BRI TR R ek
] DUSE B SRR A AT R A B AR Y R R S, (HTT
A TR PR SRR AR AT U 5 2 A S, Sty e it
()R BORE AT ASE I 2 6
AHTFE H R R BB B 0 2 3%
o

Yi/(mg'g

275
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2 N R {E R R T B D 43 A

Fig.2 Response surface plots of six response factors
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PERC B2, R VS PR o & i = 24 5
MERER I T2 il R BRERY AR AR EIR (Do
45 ym), TEREBASEES, B TR PR F
I3 A Doo BRAE A 30~40 pm, 5 RG> & BAF i
RAE SR, BT BE A A T2 4 VA4 A 1 22 147
i 60.07%1%), HHAEE N S &, HAhRs N 1
&, ORIBIIEARSECO R IR 8] 35 min, FREEE
—10 °C, #RHE N 582.42 g (Doo J 5 Flid It 43 ()
RS R WK 2. giEkhy, BRitSHEN
FH RS (] 35 min, 3R -10 °C, BoklE N 580 go

235 AERL A —RCHIROE, CPAT 3 0
KH “2.3.47 TUR Sl T 20048 IS B RER R
7RI “2.3.27 TR “2.3.37 TR A& 0 2409
Tl By R AT R A 5 A2 B S, 5 e S T A 2R 40
B RAR AR B B g AT LT, g R IE 2,
FRRLAE 7341 Doo 1 RSDAE /N T 5%4F, H AR 4845 RSD
HINT 3%, RHEIZAGHA UER, FPER
Ufo 3 HEEGUEIRIGFE Fh I Doo AT 5 il Rl &5
(1) RSD fE3)/NT 3%, UBLBHIX 3 LIS E I 5 1
TR & B AR A B R — 8.

F2 HEBESERSIMRER
Table 2 Model fitting results and actual results

iy H/(me-g ")

FE Doo

FiIBRRR E)E S T RT3 IR FA HE AP T EEIRIR
IRUEAE S 1 43.046 0.176 5 0.130 6 1.591 1 10.149 1 0.203 2
ISR b 2 43.141 0.1772 0.1302 1.604 9 102155 0.207 5
IOUERE & 3 41.996 0.1776 0.1300 1.597 4 10.162 0 0.208 0
URIEEES 39.192 0.177 4 0.1314 1.6517 10.291 2 0.1959
RSD/% 4.40 0.27 0.46 1.71 0.63 2.75

2.4 HAERYBRIEQEE
241 YIAEEER YD EFR bR R AR T2

(1) R¥J5) 2 (Cu) FIRIAE A7 55 & (Span):
T RAE R AR BORL 3 — 1%, $% “2.3.27 TR 7%
W ANF T ERBER ) Doos Deo~ Dso~ Dios A3
SR (Cw) ARAZR A i (Span) [THE A
ﬁ;}‘%ﬂ?’\j Cu:D60/D10, Span:(D90_D10)/D50[20]°

(2) IR Cpy): SePREE LA (100 mL)
JREE (mo), IEIEH AR LEG R I 2 A B HR 2 37
KBl B RR RSN, I, AEICKR 2
KRR, FREFRE (m), pp AN pp=>m1—
mo)/100.

(3) PREEE (po: P LIBRE R4 i
IRRVE, dkainkl ZmimiEklE, & EIR%E, &
6 min b FRZNEHUH B RS, L ZRmEL
MERE (M), po AN pe=(m2—mo)/100,

(4) FRL[alFLBREE (L): FTRAEMURL 2 (8] (1)
RN, B opy F p iPEIE, L AN L=
(pr=po)/(ptX po)-

(5) R/R$BHEL (CD: H TR R0 & 45
ALY, CT A A CI=(pi—pb)/pc X 100,

(6) HRMmA (&) MILAEMR (V). BUEESF
MR TIEEH, T 60 CHA 8h, HEHIIL
RN ALAR AT G E R L Y S A Vo

(7) ZEHght (IHD: SR sl A o,
THEA RN IH=pdpy.

(8) fRibf Cad: HITRAEN RIS 1) H 2
S8, fE R AR LR G R A B E

(9) FHEJLE (HR): FRELZ 2.5 g 4Rk AER)
B Pk g R, 105 Chnd, EEREA
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Table 3 Secondary indicator range and conversion method
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