- 5862 » F8 B 2021F108 #5238 B198  Chinese Traditional and Herbal Drugs 2021 October Vol. 52 No. 19

ETHERMIERN P RE B R E R EZMR

Bl At BRRR 3, APRATS, § A, HEREY

Lo AN DAEBN AR B 2G50, MR =AM AR B A=, 7 751 215009
C BfgREYRY, iR EERERS T FEAE O, B 201203
CTTRABEARER, R T 510317

CTTNHREEZIREE FEA IO, TR M 510445

TN R REFRYIER ZFREL TR R 518034

TN BEZ R — IR B N R EE R — IR S, TR M 510405

(o) Y B S

W E: BW KWL Citri Reticulatae Pericarpium ¥35% Aurantii Fructus [A~] Paeoniae Radix Alba~ -7} )% Moutan
Cortex~ )\ Chaenomelis Fructus. T2 Zingiberis Rhizoma~ %i1t. Chrysanthemi Flos 1L1%4§ Dioscoreae Rhizoma 1X 8 FH%4
JEAE 2y 45 A R D BRI 5 SO MR OGO R S5 R TR ) % O SR AR S BRI AL T KR . 53 DA AR i RN
ik, 8 P2 R ABIAZY, WE B HHUEEA 60 r/min. FEEYUEE A 1200 v/min, 7F 30%EK 252 4 FnKE T
#1153 32 NETTHIEA . BRI, PN RS, ARIROUEE, SRR Gt R 2 i b M B B AN i
RIEEERIRR, 1FBIHAUE TS R 5T R R RN R SR TR RAE 30 /1% (computational fluid dynamics,
CFD) #HATAAUIGHIE, PRIV BT S Rt SR MY EME RO SE —ERRR, DR/
R (Ad/Co) M 1 Psr2tabs, REREE/AATE (Ha/Sp) 4 2 5y 3848, B X WERYE (HaxX Cod N 3 R4r3KiEhs, il
P (AD) Jy 4 Bor2RI805, E/KERN 5 BorIA8FR, TR N 3 38, %00 8485 RUETIIE N 96.87%. =T Hh 25 RS2 3
PERRZ W CFD 45 RR WL A5 R G ARG B I TN 45 SR AH — B G818 2% 32 DNMETT BOM M B 5 5 oL i)
BB — E AT, CFD B BEAT O SR P ) T R — & il AT 4k
KHEIR: P EAS WO BB BRHRE WERMES: VRSN A, BHNIIE: TR ATAER WA BB
PR BEEE; Bk SUKEEs BREE: MR BAYs ARPRRE KIR: TR e 1L
FESES: R283.6 XEkFREE: A XERS: 0253 -2670(2021)19 - 5862 - 11
DOI: 10.7501/j.issn.0253-2670.2021.19.009

Study on forming law of pellets prepared from original powder of traditional
Chinese medicine based on numerical simulation verification

ZHOU Yang', QIU Qing-huan®, ZHONG Qi-xin’, ZENG Feng* ¢, HONG Yan-long?
1. Pharmacy Department, Suzhou Vocational Health College, Suzhou Key Laboratory of Medical Biotechnology, Suzhou 215009,
China

2. Shanghai Innovation Center of Traditional Chinese Medicine Health Service, Shanghai University of Traditional Chinese
Medicine, Shanghai 201203, China

. Guangdong Second Provincial General Hospital, Guangzhou 510317, China

. Artemisinin Research Center, Guangzhou University of Chinese Medicine, Guangzhou 510445, China

. Shenzhen Hospital, Guangzhou University of Chinese Medicine, Shenzhen 518034, China

. The First Affiliated Hospital, The First Clinical Medical School, Guangzhou University of Chinese Medicine, Guangzhou 510405,
China

(o) N

i EHER: 2021-03-17

ESWB: HEXAAREESEFTE (31901002); YLH4E DA RZERFRHFHH (22019051); 18 H X TAEA GSRHFE (FTWS2019024);
FEH X BAEASRHFIE (FTWS2020050): VL7548 @55 %48 HAARHEM EIH (20KIB360012); YLIR4E @il “H i LRR” B H
FERTRIAEFRTE (202D); bEHRZ Ll B854 (20ZR1458400)

EEEN: A B (1989—), 2o, Wit WHFC05 My 2l R R 5C . E-mail: catzysheep@163.com

HEEES . ok, WL, Brn, WA SE, FEAHEPARFHEAR . HiFAT. E-mail: hfuir@163.com



FEH 2021107 $£52% B 198  Chinese Traditional and Herbal Drugs 2021 October Vol. 52 No. 19 * 5863

Abstract: Objective To explore the relationship between the physical properties of soft materials and the formability of pellets made
from eight kinds of original powders from traditional Chinese medicine (TCM), namely Chenpi (Citri Reticulatae Pericarpium),
Zhiqiao (Aurantii Fructus), Baishao (Paeoniae Radix Alba), Mudanpi (Moutan Cortex), Mugua (Chaenomelis Fructus), Ganjiang
(Zingiberis Rhizoma), Juhua (Chrysanthemi Flos), Shanyao (Dioscoreae Rhizoma), and to provide a reasonable basis for the preparation
of pellets by extrusion and spheronization. Methods Using microcrystalline cellulose as carrier, eight kinds of TCM original powders
as model drugs under 30% drug loading and four kinds of water addition and setting extruder speed at 60 r/min and spheronizer speed
at 1200 r/min, 32 prescriptions of soft material, extrusion and pellets were prepared. The physical property parameters of soft material
were measured to obtain the morphology pattern of pellets. The relationship between the physical property of soft material and the
morphology of pellets was analyzed by using data statistics software to obtain the prediction results of the formability of pellets. Based
on the physical property parameters of Aurantii Fructus, computational fluid dynamics (CFD) was used to simulate and verify the
experimental results and the accuracy of prediction results of pellet formability was discussed. Results The physical properties of
soft materials were related to the morphology of pellets. Using adhesiveness/cohesiveness (Ad/Co) as the first level classification index,
hardness/springness (Ha/Sp) as the second level classification index, hardness x cohesiveness (Ha x Co) as the third level classification
index, Ad as the fourth level classification index and water content as the fifth level classification index, pellets could be divided into
three categories and the accuracy of the classification was 96.87%. The CFD results based on the physical parameters of Aurantii
Fructus demonstrated that the simulation results were consistent with the prediction results of the pellet formability. Conclusion
There is a certain correlation between the physical properties of the 32 kinds of soft materials and the formability of the pellets. It is
feasible to predict the formability of pellets by CFD simulation.

Key words: original powder from traditional Chinese medicine; pellets; forming law; extrusion and spheronization; physical
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Fig. 1 Morphology of extrudates at different extrusion speeds
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Table 2 Pellets yield at different extrusion speeds

5 o B/ WALEFH/ Bt g/ WALIFH/
(rmin™") % (rmin™") %
10 36.46 40 70.20
20 45.98 50 72.86
30 52.96 60 78.69
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Fig. 2 Morphology of pellets obtained at various spheronization speeds
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S 2EE (1) #1 SEM B (1)
Fig. 3 Morphology classification (I) and SEM of pellets (II)
R4 32 MLHREREME RS RFIRARS
Table 4 Physical property parameters of soft materials and pellet morphology data of 32 prescriptions (n = 3)
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e B EIKE% Ha/g Ad/(gs) Sp Co Ch Re MATER
1 H5e 07:1 16177%374 —10.050£2.443 0.476£0.024 0.299+£0.035 3726350 0.167%0.016 1
2 e 08:1 159424537 —10.913£0.522 0.499+£0.034 0.284+£0.017 3676282 0.167%0.016 1
3 e 09:1 14369219 —13.518%+0.764 0.5231+0.024 0.284%0.060 3620276 0.15910.012 2
4 BE 1.0:1 129144383 —14.1894+1.517 0.551+0.034 0.255%0.067 3220159 0.14410.006 3
5 bz 0.8 : 170554239 —8.9154+1.433 0.450£0.017 0.29640.017 360469 0.164£0.004 1
6 b7y 0.9 : 16 2461+362 —10.0371+0.284 0.488+£0.057 0.2784+0.027 35611144 0.149£0.010 2
7 %y 1.0 : 154774380 —11.9254+1.697 0.495£0.031 0.25740.047 32411122 0.154£0.012 2
8 1% 1.1 13268+619 —13.058+1.553 0.516£0.040 0.23940.033 2869+175 0.138£0.009 3
9 AR 0.8 : 17 5394200 —7.05540.873 0.481£0.022 0.28840.025 3815%+74 0.163£0.006 1

10 AR 0.9 : 159834337 —10.0124+2.159 0.499£0.040 0.26240.019 3397%165 0.166£0.015 2
11 KR 1.0 : 14331173 —11.375+0.694 0.512£0.029 0.26530.022 3301145 0.144%0.011 2
12 AR 1.1 12997382 —13.018%+1.645 0.5124+0.017 0.243%£0.013 286138 0.154%0.006 3
13 4P 09 16 988+385 —7.1961+0.870 0.471£0.013 0.28710.011 364890 0.154£0.007 1
14 4P 1.0: 16 015+248 —9.1254+0.888 0.489+0.011 0.27040.024 3435+77 0.156%£0.007 2
15 4P 11 154294283 —-11.916%+1.158 0.517£0.040 0.23340.012 3063115 0.144£0.007 3
16 #HFFE 1.2: 135994233 —13.150+0.990 0.548+£0.021 0.22540.007 2910134 0.1332£0.005 3
17 i 0.9 : 170554196 —7.05240.931 0.477£0.025 0.27540.018 3549+94 0.155£0.014 1
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e RS SKEY% Ha/g Ad/(g's) Sp Co Ch Re MM
18 Eapia 1.0:1 162294239 -9.113+£0.812 0.491£0.036 0.268+0.049 3451+61 0.148+0.014 2
19 Eapia 1.1 .1 15001%250 —12.535+1.289 0.536+0.013 0.234+0.024 313686 0.163+0.012 3
20 Eapia 121 13193+279 —-13.359+1.623 0.552+0.010 0.2114+0.012 2701%+61 0.13940.009 3
21 T 09:1 17012+185 -9.152+0.441 0.473+0.008 0.276+0.008 3526+71 0.15110.007 1
22 T 1.0:1 16314+268 —9.6731+0.889 0.492+0.024 0.279+0.031 3612185 0.164+0.022 2
23 T 1.1 .1 146571194 —10.138+2.859 0.506+0.016 0.253+0.016 315784 0.1561+0.012 2
24 T 1.2:1 13218+215 —11.937+£1.397 0.531£0.016 0.247+0.014 30454138 0.149+0.008 3
25 754 07:1 16525+343 —9.011£0.845 0.467+0.024 0.290£0.012 35924105 0.12940.008 1
26 754 08:1 160024+226 —9.204+0.783 0.517£0.031 0.259+0.011 3482+63 0.14710.007 2
27 754 09:1 15468+226 —10.593+1.007 0.566+0.011 0.248+0.022 3575+64 0.13510.008 2
28 754 1.0:1 13097+189 —14.295+0.715 0.594+0.017 0.218+0.018 2991+104 0.16910.017 3
29 HAj 08:1 160324+260 —8.958+0.613 0.483+0.013 0.286+0.020 3596+96 0.163+0.006 1
30 HAj 09:1 15881451 -9.175£0.965 0.517£0.020 0.264+0.019 35324122 0.1454+0.013 2
31 HAj 1.0:1 14417179 -11.398+0.751 0.548+0.043 0.252+0.015 33724140 0.1484+0.017 2
32 HAj 1.1 01 13226%+387 —14.527+2.379 0.577£0.015 0.231%£0.011 30964177 0.159+0.015 3
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Fig.4 Radar chart of physical properties of 32 prescriptions
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Fig.5 PCA score chart
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Fig. 6 PCA loading chart
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Table 5 PCA result
N VIERFIEE (D WAL A B Aar 1 7 A
B FEA T/ Y% R HZEB /% B HEA T Y% R HEB /%
1 4.263 71.044 71.044 4.263 71.044 71.044
2 0.952 15.865 86.909 - - -
3 0.379 6.320 93.229 - - -
4 0.323 5.379 98.608 - - -
5 0.082 1.373 99.981 - - -
6 0.001 0.019 100.000 - - -
>3 F%, HaX Co A 3 43 2K4545, Ad 4 45 K485,
5. § . BKEA S sy SR, WML 3 2K, i
X E (K774 TN 96.87%, FL A 1 ANk 7403
.. A RIEM. M4 Ad/Co (5 <-47.96 I, 7331
= 8 AT 31 24 Ad/Co {H=-47.96 I, LL Ha/Sp Ay
y : 2 HArtabr, 24 Ha/Sp 1 =33 638.14 i, 153/
40 . WALNTERS 1: 24 Ha/Sp 1H<<33 638.14 I}, Ll HaX
36 8 Co N 3 2453 248h5, 24 HaX Co 5 <4 521.92 i,
z 8 BEIMRHANES 25 2 HaX Co (=>4 521.92 It}
x ° : X DL Ad W 4 ZE5KAERR, 4 Ad fH<-1029 I, 13
228 : s SRR 1: % Ad 1821029 B, WAk
ey g K5 G SRR, M AR =90%H, 3B
a KA 2, 28 KR <90%I, 735 AL AT 1.
iz ' 23 CFD HABMBIESEY
N § | B ESLOLH S 1K, LAY B
o S E B B 5 S ] S B S P 9T B0, AR SR R
S R Fil CFD BB W75, 15 “2.2.37 Tis2s B4 3
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Fig. 7 Classification result of pellets based on correlation
analysis
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Fig. 8 Prediction result of pellets forming based on random forest
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Fig. 9 Grid distribution law in the spheronization device
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Table 6 Numerical value of five components in CFD
simulation experiment
51 a1 Hir2 U3 Hira Hys
(10%)  (50%)  (20%) (10%)  (10%)
1 -10.05 —33.61 3398529 4836.92 70
2 —-1091 3842 31947.89 452752 80
3 —13.52 —47.60 27474.18 4080.79 90
4 —14.19 -55.64 2343739 3293.07 100
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Fig. 10 Air velocity chart in the spheronization device
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Fig. 11 Trajectory of pellets in spheronization device
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Fig.12 Trajectory of three kinds of pellets in spheronization

device
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