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Effect of particle design on pharmacokinetics of Shenling Baizhu Pulvis in rats
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Abstract: Objective Using LC-MS to explore the pharmacokinetic process in rats of Shenling Baizhu Pulvis (SBP), which was
modified by particle design technology. Methods Particle design powder of SBP was prepared by particle design technology. A
scientific and feasible LC-MS analysis method was established to determine the blood concentration of index compounds such as
ginsenoside Re (GI-Re), ginsenoside Rbi (GI-Rb1), ginsenoside Rg1 (GI-Rg1), atractylenolide I (AT-I), atractylenolide II (AT-II) and
pachymic acid (PA) in rats at different time points after administration. DAS 3.2.8 pharmacokinetic software was adopted to analyze
the data, which related to blood concentration of index compounds, and the pharmacokinetics parameters were calculated by the
non-compartmental model. Results LC-MS analysis method was established, which has a good linear relationship and specificity
for the index compounds in rats, and the RSD of precision, accuracy, extraction recovery and stability were all less than 5% or 10%.
Compared with ordinary powder, the particle design powder displayed increased Cmax and AUCo_o after administration, and the
AUCo_» of GI-Re, GI-Rbi, GI-Rgi1, AT-I, AT-II and PA were increased to 1.52, 2.02, 1.22, 1.41, 1.13 and 1.43 times, respectively.

Conclusion The LC-MS analysis method meet the requirements of biological sample analysis in Pharmacopoeia of the People’s
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Republic of China. After particle design and modification, the absorption speed of SBP in vivo become faster and the bioavailability

is improved significantly.

Keyword: Shenling Baizhu Pulvis; particle design; modification; LC-MS; pharmacokinetics; bioavailability; ginsenoside Re;

ginsenoside Rbi; ginsenoside Rgy; atractylenolide I; atractylenolide II; pachymic acid
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macrocephala Koidz. TR (35 20160301)
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a2 R E R AR YT A S B Rby (GI-Rby,
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2.1 FEGRHIE R

2.1.1 SBP H@¥y FREL SBP 552544 Ky B s 4HH
. AT, RIS

2.1.2 SBP Kiriitt 4&ibJr LeBiFrioa & A
Z. . ET. ARG, BT R G
350 BNERR BN TR 45 min (-10 C)

JEIMN AR IRZE WA EHUR 4k S2 K 7 4 min,
HIFER
2.1.3  RifR. . AROE AR E

(1) WAENE: PUEE 2 MEGHIE SR D
IR SCEOERLFEACTERIT NI E ,  Hd s & 5
BRI ATIEF] 10% 50%- 90%H Fir ot o it
% (dio~ dsos doo)s ZERWFE 1 FIE 1,

1 270 SBP BGTIRUKITR. MM, IRIEAEER (Xx+s,n=3)

Table 1 Comparison on particle diameter, contact angle and angle of repose of two kinds of SBP (x £ 5, n=3)

Hi4E/um Al A /(°)
27 — — PR ak£1/)
do dso Ep Pl

SE LN 7.561+0.33 136.20+0.75 211.56+0.04 84.73+2.94 8.50+1.18 48.37%2.73
LT BT HL 2.561+0.04 83.401+0.65 100.53£1.76 81.67+1.66 6.371+1.49 45.81%£1.34
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Fig.1 Particle diameter volume cumulative distribution of
two kinds of SBP

(2) FEflAME: RS A e 0 &
2 PREGHI Rl A . 7RI E FTF 2 DhRe I A MR A
MR IEFR R, B 0.3 g, TEAET 100N,
PAZK AR, B 0N 5 B N VAR AR 3 ul, B
8 30, FOKAEH3 000, P47 39K, 45N 1.

(3) RibAME: EH BT-100 AL ERHE
e AR 2 FPEI IR IE A 43 AT I, “FAT 3
R, ARINE 1

55 SBP @ EAA LL, O Aok T R T
WOk TEE, RFRAR A AT, BN, fE
FEATEAE TE R . 22 B[R 25 ANOVA ¥ % H LL A
G3HT, 2 Bl SBP HIGHIRL T RiAR KNG 122 25 3¢
2.1.4 PV RO HUE & 2 F SBP H
FEMORLE B A NS IR LR HAPMES . 5
BUDVE 2 FhBGIIRE okl T B Ik e B b, 4
5 BT s PSR R AP SR IE, 45
RILE 2. SBP Hi@EHSIMLEF M, KT

A BRI B C-EEEL SEM (X2 000 f%5)  D-Fi
F i SEM (X2 000 )

A-ordinary powder B-particle design powder C-ordinary powder
SEM (x 2 000) D-particle design powder SEM (x 2 000)

2 2 # SBP BRI F PR R IR

Fig. 2 Appearance and micro-morphology of powder
particles
FRFL A, BB .
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TR, KWTEAEEGFNEERR, BRTE
BIREEA ) “Te-42" WEEH
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B 168 R HENE SD KR, KL 2 41, 5303
1% 10.8 g/kg 75 ig 4724 SBP il HUFKL 7 ¥ T
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Y1 IR AT 0. 5. 15, 304 45, 60
90. 120. 180. 240. 360. 480. 720. 1440 min T
KRR ER Ik AR I 0.5 mL & T Hiikt EP &,
AR AEFERR 6 Ho £ 4 CT4 4 000 r/min
B0 10 min, HEJHERT-20 C Rigfr&H-.

2.3 MEHFRRLIE

I 22 R & 150 pl, S PI A% DIC31.36 ng/mL)
50 puL; WWHEVRA 1 min, JIAHEE 500 pl 2250, &
gy A 3 min, 15000 r/min 250> 10 min, BU_E7EW,
No TG ki F 100 uL FIEER I, W iEVR & 3 min,
B 2 min, 15000 r/min &0 10 min, H_EiEEAT
I3
2.4 STERSIARAIECH]

e i) Jo R 4373 GI-Rg; 490.0 mg/mL .
GI-Re 25.00 mg/mL. GI-Rb; 55.20 mg/mL. PA 1.970
mg/mL. AT-I 1.870 mg/mL. AT-II 1.227 mg/mL ]
XTI, B 500 pL & 5 mL &),
MR EEES, 85, 1SRG XS .

X VR 0T B A BOEAT IR, RIS S TR AR R A
JoR R B 43 ) W R 1 R TR A BRI : GI-Re
4354 2.0 2.5. 25.00. 50.00. 125.0. 1250+ 2500
ng/mL; GI-Rb; 7354 4.420. 5.520. 55.20. 110.4.
276.0~ 2 760. 5520 ng/mL; GI-Rg; 73724 39.20.
49.00. 490.0- 980.0. 2 450. 24 500. 49 000 ng/mL;
AT-1 73514 0.150. 0.187. 1.870. 3.740. 9.350.
93.50. 187.0 ng/mL; AT-II 733749 0.098. 0.123.
1.230. 2.454. 6.135. 61.35. 122.7 ng/mL; PA 7}
A 0.158. 0.197. 1.970. 3.940. 9.850. 98.50.
197.0 ng/mL.,

FESFR DI AT &=, BT 5 mL &R,

B RIFMBE R ZIEE, S3IEREN 0392
mg/mL [ bR & X N ARG AT R RS, 15
BB L5 BN 392.04 31.36 ng/mL [ N FRIETR «
2.5 LC-MS £f40718
251 Bk kAN Hypersil Gold (100
mmX2.1 mm, 1.9 pm), NN ZHE-0.05%F R
KIEW, EFURE 0.3 mL/min, BEREEN 5 ul, #
I 40 C, Yelbish Nk 2.
252 B &M RHZ RN E T
(MRM) AT, WiZ )k 4.5 kv, BAERE
N 550 C, HHBISUAIE S 68.948 kPa (10 psi), Hif
FE A 77 41.369 kPa (6 psi), FEHR 2 1 44
AR S HNE 3.

®2 REBERRFEN

Table 2 Liquid phase gradient elution conditions

t/min ZJE1% 0.05% F FR 7KW/ %%
0.10 19.0 81.0
9.00 247 75.3

16.00 60.0 40.0

29.00 95.0 5.0

31.00 19.0 81.0

35.00 19.0 81.0

35.10 stop

®3 IR BUEFA

Table 3 Index compounds mass spectrometry conditions

&Y BEE B T(m/z) T8 T(m/z) DP/V  CE/V

GI-Rgi ET 799.4 6374  —150.00 —38.00
GI-Rbi &7 11076 9454 —160.00 —69.00
Gl-Re T 945.4 637.2  —220.00 —53.61
PA BT 527.3 4654  —150.00 —38.00
AT1  IEEF 233.2 187.0 91.30 21.16
AT-II  IEEEF 233.1 215.1 94.80 20.70
DI EST 152.2 110.1 62.07 20.23

2.6 FEFER

2.6.1 LEM BCKRZTEMmEK. RBAE X AN
PRI AR, 5% “2.37 TN VEACERRE &,
FR LR MIRFRI L R SRR, KR4
NIRRT AR S e, BAR
UFi b, A L 3.

2.6.2 ArfEMIZR SR H 150 pL &S H iR,
BN 50 uL FRVE (31.36 ng/mL) Je— g FH )
SRR, TR “2.37 TR VAL EAE S, DAL
A E YR R R AR (XD, Y5 AR
IR Z N FR (YD, Bl (W=1/X2) #
INTIRISHHT R AR R . S5 REN, KR A
FaPr %> GI-Re. GI-Rbi« GI-Rgi PA. AT-I1 f1 AT-II
23 BIAE 2.000~2 500.000. 4.420~5 520.000 .
39.200 ~ 49 000.000 . 0.158 ~ 197.000 . 0.150 ~
187.000. 0.098~122.700 ng/mL F.f5 R IF £t %
R, TAEMZ Ko ERETEML R NE 4.

2.6.3 FHEEHERE  HCT EIMK 150 pL, 4%
WrE. B AR ERE SRS (QC): GI-Re
25.00. 125.0. 2500 ng/mL; GI-Rb; 5.520. 110.4.
2760 ng/mL; GI-Rg; 49.00. 980.0. 24 500 ng/mL;
AT-10.187. 3.740. 93.50 ng/mL; AT-II 0.123. 2.454.
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61.35 ng/mL; PA0.197. 3.940. 98.50 ng/mL.

1% “2.37 WUNJPiRACERE S, 224E 1 d WIE
ELHEFEATIESENGE 3 d, TS H N H IR R i
R, 5 H A L H RS AR R R o SRR,
Babrrm . L ARRERE QC MHMAHA
HETSE . REE LR RSD #4970 T 5%, A& 25 EY)
FER AT EDR, S5RILEK 5.

2.6.4 IREUECE OB 150 pL &= A0S, % “2.37
TR AL S, IS Rrllifeda s .
3 AR IR R AR A TS 50 uL AR, No
T JEH 100 uL LR, idsgEmi (40 5W
FRUETHIAR (S1): HEL 150 pL 25 A%, MAEF
WFEFRE S s AR 3 NSRBI FE R0 RE i
5550 uL AR, & ZERACHFE 5, N2 #E1 5 FH 100 ul

! A B C 7
4
5
| 3
4
2 |
1 i
_ | b { |1 3 L 10
0 8 16 24 32 0 8 16 24 32 0 8 16 24 32
t/min
AT HME AR B-IRGX &G EAFRILK C-452jj5M% 1-DI 2-GI-Re 3-GI-Rg, 4-GI-Rb; S5-AT-1 6-AT-II 7-PA

A-blank plasma and internal standard B-mixed reference substance and internal standard plasma C-plasma after administration

1-DI  2-GI-Re 3-GI-Rg; 4-GI-Rb; 5-AT-I 6-AT-II 7-PA

3 SBP EHRALSY MIAFRED I S A G L Y 62 S E]

Fig. 3 Typical chromatogram of plasma samples of index compounds and internal standard of SBP

F4 RO EMEEERER

Table 4 Linear regression of index compounds

D %x TAERER r EMETEH/(ngmL ™) EER/(ngmL™) i HBR/(ng-mL™)
GI-Re Y=9.837X107° X—1.428 X103 0.999 0 2.000~2 500.000 25.000 12.000
GI-Rbi  Y=1.689X1075 X+1.450X107 0.996 0 4.420~5 520.000 4.420 1.768
GI-Rgi  Y=2.050X10*X+1.625X107 0.9960  39.200~49 000.000 30.150 8.500
PA Y=1.619X1073 X+1.383 X107 0.996 0 0.158~197.000 0.158 0.062
AT-1 ¥Y=0.208 0 X+0.102 0 0.9970 0.150~187.000 0.026 0.008
AT-IT Y=0.227 9 X+0.066 88 0.998 0 0.098~122.700 0.012 0.004

x5 EEASHBASHEREEERERE (n=06)
Table 5 Intra-day and inter-day precision and accuracy of index compounds (7 = 6)

. JREHE/  KEHE RSD/%  HERIE RSD/% BN JREWE/ K% RSD/%  HERIE RSD/%
(ngmL™)  HWA H il HPH Hial (ngmL™  HWA H il HPH Hial

GI-Re 25.00 2.37 4.35 3.21 3.64 AT-1 0.19 1.02 1.01 0.84 1.53
125.00 3.55 3.28 1.05 1.04 3.74 1.31 2.57 2.20 1.83

2 500.00 2.94 491 222 3.76 93.50 0.97 1.38 0.83 2.03

GI-Rgi 49.00 3.42 3.25 4.09 3.85 AT-I 0.12 1.74 241 1.52 1.58
980.00 5.31 4.36 2.36 3.20 2.45 1.23 1.55 1.03 2.36

24 500.00 2.36 271 1.92 2.15 61.35 1.10 1.63 0.84 0.58

GI-Rbs 5.52 1.12 1.58 2.07 1.33 PA 0.20 0.93 1.29 1.04 0.80
110.40 2.94 2.74 3.71 2.68 3.94 0.87 0.82 0.62 1.47

93.50 3.61 1.74 1.22 2.03 98.50 1.21 1.03 1.51 2.56
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ISRV, CRIEMHRR (L) 5WARERFR (S));
W TRIAR LUAE R=A40/41, RS=S/S1 B AIREL IR .
SERRH], ARSI KAEHRET GI-Re. GI-Rbi. GI-
Rgi+ AT-I. AT-II. PA [J RS ¥J7E 85%~115%, RSD
BIAET 5%, AR RLF, ZRIEK 6.

2.6.5 FEFRBN B 150 pL FEMAE, IMASLE
WFEFRE S A% 3 AN [E] 5T S FE R0 HR I TR
550 uL ¥R, % “2.37 TR IEACEIRE S, 0

WETAR (M) K AARERIA (ND. B ARl
PR s AR 3 AR R R R VAT S0
uL PR, [FEVEIRE, DGR (M) K bRIE
A (N2 o THEIGTH LA T=N1/N2, TS=M\/M,
BB N . S5 RKH, TS BH7E 85%~115%,

AL S TS SFAE N, AR I R R N

GiRNE T,

2.6.6 faEME W&, . K3 ANEEIREKTR

®6 RIS HIREEWER (n=6)

Table 6 Extraction recovery of index compounds (n = 6)

b D s RsDel s O e RSl iR Y ke RSDI%

(ng'mL™") ng-mL™") ng'mL™")

GI-Re 25.00 88.42 3.32 GI-Rgi 49.00 89.37 1.22 AT-1T 0.12 112.38 0.84

125.00 93.45 2.58 980.00 90.41 1.21 2.45 105.27 0.85

2 500.00 88.42 2.23 24 500.00 96.73 2.57 61.35 112.10 0.26

GI-Rb; 5.52 93.01 2.68 AT-1 0.19 103.21 0.93 PA 0.20 102.54 1.01

110.40 98.25 3.49 3.74 99.85 1.05 3.94 104.26 1.26

2 760.00 93.50 1.48 93.50 100.34 0.45 98.50 104.82 1.02

RT EHRRSPOERYN (n=06)
Table 7 Matrix effect of index compounds (n = 6)

QC, 7T i Er: (SENE, 24h NEE
ME). KA FERENE (=20 CHAE 15d).

febr  FREIREE R | febR BRI EFK faEtt (0 ARREGRR 3 KD LK. SRERHA
oy (ngmL)  M% | M4 (ngmL)  Ri/% [ A FEEARF 0 ) L AR i P TRAE 25 24 he =20 °C
GI-Re 25.000  93.400 | AT-I 0.187 88390 TRAF 15 d SRR s o5 At N A 1 R &, RSD 337
125.000  94.350 3.740  87.550 T 10%, FF& CHEZSY 2015 FERRAEDIRE S it
2500.000 103.200 93.500  96.570 BOR, GRNES.
GI-Rb; 5520 89.730 | AT-II  0.123  87.420 2.6.7 ZisFSEuNELE R ) LC-MS MEA
110.400  92.100 2454 89.140 [IF 7] 5 GI-Re. GI-Rbj. GI-Rgj. AT-I. AT-II. PA
2760.000  95.340 61350 97320 (2GR, SEH LA 4. 2 DAS 3.2.8 255228
Gl-Rgi 49.000  98.240 | PA 0.197  92.100 XTI E G AT R e AT, IR =R A S
980.000  90.430 3.940  90.820 i, ISR NE 9.
24500.000  97.200 98.500  99.530 STH ¢ KT AT GE 40T . R T i
8 IEFFROHIIEEYN (m=6)
Table 8 Stability of index compounds (n = 6)
febr  BEIREE/  FREME RSD/% febr  FREIREE/ R RSD/% febr JREMWE/  FREME RSD/%
gy (ngmL™Y) FEHA KHPAR WRAL| S (ngmLh) T KIIAVE WRRR| S (ngmL7Y) JEHT KHIAE VRA
GI-Re 2500 159 432 645|GI-Rg  49.00 527 658 498 [AT-II 012 854 562 284
12500 346 225 335 980.00 4.39 590  5.63 245 426 183 591
250000 553 597  5.89 24500.00 7.32 638  3.26 6135 347 157 627
GI-Rb, 552 251 725 6.03 |ATI 0.19 657 236  6.01|PA 020 237 539 249
11040 431 793 536 374 583 128 1.3 394 592 649 3.04
2760.00 1.64 852 257 9350 7.22 3.82  4.02 9850 6.81 583 593
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Fig. 4 Cmurt curve of index compounds after oral administration of ordinary powder and particulate design powder in rats

(n=6)
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®9 BRSEANEEFIPERENESH n=06)

Table 9 Pharmacokinetic parameters of different compounds in different powders of traditional Chinese medicine (» = 6)

D% AR AR tmax/h Crmax/(ng'L ™) AUC0-0y/(ug' L")
GI-Re SBP ¥ id 1.4840.00 225.43+81.74 646.424136.01
SBP K5t 1.26+0.39 322.36+96.26 985.85+454.87"
GI-Rby SBP ¥ if L 1.454+0.91 19131+ 114.04 2 44572492203
SBP Kt 2201045 381.95+131.59" 2983.17+844.04
GI-Rg; SBP iEHL 0.5740.11 763.541+145.29 1229.87+148.94
SBP K i 0.500.00 1719.93+868.75" 2 485.32+452.64*
PA SBP i HL 0.40+0.22 23.27£7.00 115.95+76.54
SBP K5t 0.3040.11 25.07£9.25 163.50%77.10
AT SBP i HL 0.7540.18 4.95+1.32 18.83+£12.86
SBP KT 0.9010.65 6.4942.65 21.34+17.47
AT-I SBP % i 0.65+0.14 4.58+3.22 18.83+12.86
SBP KT 0.5040.00" 7.854+4.55 31.22+21.32

Y5 SBP W@l L. "P<0.05 P<0.01
*P<0.05 "P<0.01 vs particle design powder and ordinary powder
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