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medicine, the powder of the Xiaojin Pills was prepared. At the same time, the manmade mixed powder and the
control powder prepared by pharmacopoeia were prepared. The mixed homogeneity of the three powders was
The GC-MS and LC-MS/MS were used to study
The best preparation process of particle design powder is: materials easily

evaluated by particle size distribution and color difference.
the homogeneity of their contents.
crushed are smashed for 50 min in the vibrating ultrafine mill with —15 °C, then add the materials difficultly
crushed into the mill and let them crushed together for 3 min. The particle size range of manmade mixed
powder was the largest with the particle size difference being more than 100 microns, the RSD value being
26.07%. The particle size range was more than 50 microns in the powder prepared by pharmacopoeia, and
the RSD was nearly 15%.
3.18%.

pharmacopoeia was the largest for the RSD was 84.56%.

The difference in particle size was only around 4 pm and the RSD value was
The color difference test showed that the composite chromatism (dE") value of the powder prepared by
The RSD of manmade mixed powder and the powder
prepared by Pharmacopeia were 53.83% and 32.83%, respectively. The RSD value of the particle designed
powder’s muscone content is about 50% of the other two kinds of powders. The contents of 10 components in
powders were determined by LC-MS/MS.

Results indicate that the uniformity of the particle designed powder is better

The RSD values of the particle designed powder were much smaller
than other two kinds of powders.
than other two kinds of powders. Chinese medicine particle design technology can effectively improve the
uniformity of traditional Chinese medicine powder.

Key words: Xiaojin Pill; particle design; powder science; LC-MS/MS; GC; homogeneity evaluation
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Figure 1 The design process of composite particles of Xiaojin Pill

PE IR (CECISE D) SRS (B )
SR RIS, N R AR T R AT I B B
AV T B, DLTER 7R B e bR T,
SE SRR RE G ZEAE, DOAIIBY 5 7R AR 0L
FERE, BET A A% /58 BOR T Bovh Ry A 2 15 2 4t
B O P VR R0 B I B LR AR, 5 REER
BLRMOR, 25 SR Ik T B R S OB 4K 2R T S KL
W1 O, B2 Ak A DR MR 5 [ A T 3 4 1 e
MIZRAL, 1 HL5 R BRI H BB %, BRYIER I
FLRENS O0« PRETIRRE 518 B S AR A1, St i/
FER YRR TR S 0 A AR5 o A A A
K, A& WEPVRL R R RE R BB R bR, A DN
R TR T 10 5k BEPE VDR S I, 25 80k 1 et
Sk R R S AR AR R B A VR 2, HAHERD,
CLES & B vt bR, BEAT & B —TEPROY, W EDW SR
NG FUB R B X ST L

Rk (NTEERRSN) B ST A KR
TR G KEFER] 3% LT, KILRAE. e, i
5. Faheed 3 S, A, Ry R KR
T BRI 1 S0, & 1A TT B RRE R
M e HIES ., L LA RIER, BIREG
FrmE—E 8], SREE; RJEIANFLA . W E . AR
RETFMANLERE, ML S —ErE, ], X
B o MIERTI S FEA R 22 (80 . REPNYE . 35k A A B
A — 1k

WS ENTHE RASEE W EET IR 72
B R T 5 o AR A 4R b o B R B K S — 1k
MR, € O ZEMBERLCY 0.2, FifPEr
BUE RN 0.2, Bl BCE REON 0.2, FEY

Phertima ﬁ .1&&
Shell
e
Zhicaowu 5 v

Grinding designed powder

compound

PE (BA&M) FIBCERECN 0.4, EWHT, K &IT
W AR br 8HE 45 R AT TR WA AL B, DL3E 4 A % 45
b 2 [8] B ASE AS [5] 11 5% e % 28 & P 43 45 5L 1) o1 MR 1E,
WeFRJTIEMTR O i EAY: dE™,/dE"*100%, ' dE”
NGRERE GeRiT) &, dE AR E; @ B
BEE: oo/ 0, x 100%, FoH o 92 BEGh W EEHE S, o N
HETEDRL (LT WEEM, @ s CA,/
CApinx 100%, o CAnyin NG VIR (FERLT) #2
filffi, CA, NEFEMILMMA, @ FESME: RSD,/
RSDpin ¥ 100%, 1 RSD, A% F & RSD fH, RSDypin
NEFEF S RSD e /ME . iAW EAR: vY=
dE". ] dE % 20% + ¢, / @5 % 20% + CA, / CAmin X 20% +
RSD,/RSDyyinx 40%. LAZRE1E 23 08 A dibx, R IE
SSRI BT Lo(3%), WHREN B R WL « 5 b e kbR
TAEINT ) | 25 B[] 45 3 A 2 S50 [A] 3R AT B AR B 4

NEREERFREH—MITN HNEEMR
AN AR S — 1, DL (R EZ ) 2015
i — FB TS )% F ] £ VR SR AR (24 ML A5 ok
a) SN Rz TR N IR G AR 0 f, /4
FURLF- BT RF S 0 A 1 BT B 38— TR AT VR .

RN R IEEH &

/N4 AL 2 BV 2% K A& (powder prepared by
Pharmacopia, PPP) [l 4% [8 2015 ki [H 25 8 )
CHH /NG FU & T R AT ) &, BIBR N LB A 4h,
For 9 WM I LRy, ¥ N LB an, 5 ik R
BeAfE, ik, BNAS0 B 1A

NG AL SR T N TIREA# & (manmade mixed
powder, MMP) il A5 UG FRECHI S .
R H. M03. F 8 AR, B BT R4 T



e s

SET R v SR P 24 ) LR R v R AR — PR S PR BN @R e il

+ 1615 -

THEEFKEFIE3% T, 1350, BIRshEH, 7
—15£5 C A 50 min, HUH40R, &H. %7t
BIRRIAL A W WER. RET7F. NTERE, o
1 50, BIRZNEFR, e 3 min, B, KAANTIER
HHRE ERgRREA A, .

NG UKL T IR B S B AR (particle designed
powder, PDP) Mfil#& Kkl (N LE&KRI) B
BT EEFE TR S KERR 3% T, BAR
e~ Hooe . S FERE 3 50, A B,
WAERE ARET. M | 50, &H. &Gy
PeBIAR I R Mo S AR 8 Rk
& BIRSZBEHENL (—15°C) R 50 min, 4R
JEIMANFLE B2 ME R AR TR T EEFS, B
WE 4 3 min, B, BI75.

BNRETT A 4O 18 55 A 240 e B A L)) A A
() (25 ShamBESS SR U SR 2 05 B YR AR 5 )
MMZUCREEARLE G o WM R HE B HER, 20 o1 AN [
by e R RS RS AL ASRREALECRE, $E
7AN AL, FRIERE 3 NMEDE SUBUORE, JRE 10 ANEURE AT

MR ZIFMN

Fiietedr  LABA doo NERFR, X 3 FIAE NG
FR AR BT T .

KT R ADCI %14 [ 3 2271 e 3L
Hith, # CIE 1976 (L'a'b") £ 25 [l St T %5
CLdE" AR, % BRI IR G YT B E D hs i,
R DURE S B 2

SEMAEITMN

GC VI 52 B 2 il & =
(1 B A B R AT

LC-MS/MS v [Fl B 5E 10 Fhl 2 sy & 07 g
37 HPLC-MS/MS %, /N A2 773 I 25 24 VA i &
BEAR PG, WM 25 1 R R R LRI, WS 2
T JIURT, ST I 25 A P 8 S HURR, )

Gy 3 B Ak

L e B BB S S IR S 1 Sk K L A
PR 2R R BT Sk SR R R R 1 Sk DR R 2
1 3L RS 10 By (R 3EAT P o #r, b 3 B
NG R ARAS [R5 oy B B3 — . FRHURE T
TEIUR ATk, 237 3 Fl/N G A R R4 29 0.3 g, H
ERRE, BRI 10 AR & AR R, T
HPLC-MS/MS 4 #r, @57 LC-MS/MS 2 [A Il %€ 10
FRRCAr IR 5 AR ARG R E. RV K2k
(LOD) FEEFR (LOQ).

REGHFMERS T BT 11 FfERSE
AFFE NG IR R S EAR, BHRBA—%, H
s SR 6 T IR PGB 9 1 3R 2K 43 A R 3R B Ay 4 T,
Xof BUHE HEAT B AR AL FE, WS /N & Rk A R B A A
T o /N AL A (1 B 2 I R 7 2 U 0 AT
il 10 A B A3 VDT 25 B 8 O AR TEAL 5 2N
MetaboAnalyst 3.0 £ 7 #1844+, KA Heatmap 5
PCA H4i AL BT VERT 3 PN G AU A 11 P2
e EIMAT RGN E E RS b, [RIES ST
BUbR B 3 BN G FUb b 11 Flfb 2% i o 2 ==
HAT AT, G R

ER

1 TEBAVR S

1.1 SRRl IR YRN B ]G80 T 5T 45
B, FERHERS (] 60 min, 455 LB 2A. BB K,
BE G R W B TR) A A, 24 R RLAR B WS, ELA
TR B ] — WL A% BV 7 FE 2R B, K R B[] 5 5 M R
BHRLAE 5 R RAR GV . AR [R5 R, T e Rk
£ 47.50 min B RAR AT I8 2 e /ME N 29.07 pme

1.2 MEMEEMEYIRL  ARIEYR N BE U R R W T 4
B PABOR RE 1E) 2 30 min, 45 5L 00L& 2B . B AT A,
RIS ] 5 b PR DR R4S B R4 A DG o AR
(B VA 77 2, T HE I A B BEAE 22.28 min B R AR

200

120 4 A B
9 )
100 A »=0.002x?-0.09x+1.9147, r=0.9335 »=0.1962x>-8.7411x+149.68, =0.9358
150
g g
~ 80 7 ~
N S
@ Q 7 %o,
o 60 o 2 100 9
i ~o-o Q "N
= N 5 b
(=¥ 40 9—Q. ="
N~
N 9—o—o__,
9Q—_Q 504
20 4
T T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30
Time / min Time / min

Figure 2 The time and particle size (do.¢) of the crushed material (A) and the hard to crush material (B)
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Table 2 Design and results of orthogonal test.
uniformity; COS: Comprehensive score

Table 1 The levels and factors of orthogonal test
Factor Grinding Grinding time Composite time
temperature (A)/C (B) /min (C) /min
1 =5 40 2
2 -10 50 3
3 -15 60 4
Table 3 Analysis of variance
Source Sum of 'sqflares Degree of Mean F P
of deviations freedom square value value
A 1136414 2 568.207 102.360  0.010
B 302.401 2 151.201 27.238  0.035
C 4.247 2 2.124 0.383  0.723
Error 11.102 2 5.551

L 150 um, RSD ik 26.07%, # B HRL T KN
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RSD I 15%, Hobi 7 K/NHZE I . & AR 18 Aok
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i RN B RIS . PRk RS, kT
N LIREA BT KT R 7% it Eamik, HE K
T2 B A A

CHV: Chromatic value; ADH: Adhesiveness; COA: Contact angle; COU: Content

No. A/C B/min C/min D (error) CHV ADH COA COu COS
1 -5(1) 40 (1) 2(1) 1 59.09 7.95 36.89 64.07 46.42
2 =5(1) 50 (2) 3(2) 2 85.37 19.72 51.41 67.71 58.39
3 =5(1) 60 (3) 4(3) 3 79.22 27.28 48.45 68.04 58.21
4 -10 (2) 40 (1) 4(3) 3 72.04 3229 49.94 84.54 64.67
5 -10 (2) 50 (2) 2(1) 1 88.82 74.01 52.03 87.15 77.83
6 -10 (2) 60 (3) 3(2) 2 79.01 42.00 47.86 97.2 72.65
7 -153) 40 (1) 3(2) 2 71.86 39.04 54.62 97.28 72.01
8 -15(3) 50 (2) 4(3) 3 86.93 52.25 100.0 94.81 85.76
9 -15(3) 60 (3) 2(1) 1 96.62 70.00 69.23 98.95 86.75

K 163.01 183.10 204.83 211.00

K> 215.15 221.98 209.81 203.05

K3 244.53 217.61 208.05 208.64
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Figure 3 The result of 3 different kinds of Xiaojin powder ’s particle diameter (A) and chroma check (B). n=10, ¥+s. ~ P<0.01.

PDP: Particle designed powder; PPP: Powder prepared by Pharmacopia; MMP: Manmade mixed powder
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Figure 4 The differences of 11 compounds in the powder of three kinds of Xiaojin powder.

A: Muscone; B: Ligustilide; C: Protocate-

chuic acid; D: Creatinine; E: Oleanolic acid; F: Benzoylmesaconitine; G: Benzoylhypaconitine; H: Benzoylaconitine; I: Mesaconitine ;

J: Hypaconitine; K: Aconitine
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Table 4 Regression equations, correlation coefficients, linear ranges, LOD, and LOQ of ten compounds. Lig: Ligustillide; PA: Proto-
catechuic acid; Cr: Creatinine; OA: Oleanolic acid; BMA: Benzoylmesaconitine; BHA: Benzoylhypaconitine; BAC: Benzoylaconitine;

MA: Mesaconitine; HA: Hypaconitine; AC: Aconitine

Compound Regression equation R Linearity range/pg-mL ™" LOD/ng'mL™" LOQ/ng'mL™
Lig Y=9164.4X+1789.9 0.997 6 0.025-9.980 0.01 4.49
PA Y=5919X+1726.4 0.999 0 0.025-10.100 0.01 0.01
Cr Y=32361X+8703.3 0.9950 0.258-10.300 10.30 25.75
OA Y=6307.2X+5154.9 0.996 0 0.026—10.100 1.01 10.10
BMA Y=113 333X —442.27 0.993 8 0.106—5.246 0.74 3.09
BHA Y=74457X+16 811 0.994 9 0.025-10.167 0.87 3.37
BAC Y=119045X—-2953.6 0.9957 0.027-10.000 0.71 2.91
MA Y=56081X—3239.3 0.999 8 0.060—10.811 0.77 3.02
HA Y=157215X+790.52 0.999 8 0.024-9.700 0.70 2.70
AC Y=61492X-2907.4 0.999 9 0.050—10.008 0.79 3.20

K 5 oo a5 RERH, 10 A2, R slihfy
47 8 Mk 7> RSD fELAR T 24 Ly & A 4, 10 A fe
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R fRaaHIA. IRME. e, RETRHEY 5
T W AE LT BT R AR TR AR A B 21, i A
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TR I3 B M T B G A AN Rl 280 < Ak A
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GERA T, AR 6A Fin. HET W, K&
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-0 Q@ Q@@ oo 0 -0 -

Lig PA Cr OA BMA BHA BAC MA HA AC

4.15% 18.65% 19.14%  22.43% 12.76% 1.00% 492%  432%  9.77% 5.47%
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@ ror @ rprr @ vvp

Figure 5 Comparison of RSD% among three different kinds of
Xiaojin powder
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Figure 6 The results of 3 different kinds of Xiaojin powder ’s cluster analysis chart (A), PCA score plots (B) and biplots (C)
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