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Research progress of powder modification of TCM based on
particle design theory
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Abstract: Particle design, based on the concept of "quality by design™, combines the elements of microbiology,
formulation science, heat and mass transfer, solid state physics, powder science, and nanotechnology. It is widely
used to develop particles with excellent functional properties. Without affecting the active ingredients, the
modification technology of traditional Chinese medicine (TCM) powder based on particle design theory, could
improve the flowability, tabletability, disintegration and dissolution behavior, hygroscopicity, wettability, and other
functional properties at the physical structure level. This greatly promotes the development of solid preparations of
TCM. The present review aims to summarize and discuss the research progress of powder modification of TCM
from the perspective of the theory of particle design, powder modification technology, equipment used for powder
modification, application in TCM and modification mechanism mainly based on researches published in recent ten
years. This review could provide ideas and theory basis for the development of particle design.

Key words: particle design; powder modification based on traditional Chinese medicine; theory of particle
design; technology for powder modification; equipment for powder modification
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Figure 1  Principle of particle design
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Table 1 The improvement of flowability. AR: Angle of repose; FI: Flowability index; Cl: Carrs' index; Ff: Flow factor; HR: Hausner ratio;

MCC: Microcrystalline cellulose; HPMC: Hydroxypropyl methylcellulose; PVP: Polyvinylpyrrolidone; PVPP: Polyvinylpolypyrrolidone

Material Modifier Method Improvement Ref.
Andrographis Herba Nano SiO, Dry coating AR: |,50.6° — 38.3° [61]
Zingiberis Rhizoma MCC, nano SiO, Dry coating AR: | ,46.6°— 415°36.9°Cl: |,355% —  [62]

33.5%, 23.7%

HR: |,1.6 —>1513
Sarcandrae Herba Micronized silica gel Superfine pulverization ~ Fl: T, 35.0 — 46.0 [63]
Shenling Baishu Pulvis - Superfine pulverization ~ AR: |, 70.0° — 30.0° [64]
Zingiberis Rhizoma, Puerariae  HPMC, NH,HCO, Fluid bed coating AR: | ,53.8°—422°Cl: |,36.1% — 19.6%  [65]
Lobatae Radix, Gardeniae
Fructus, Ganoderma
Andrographis Herba HPMC Fluid bed coating AR: |, 49.4°—36.1° 35.1°, 34.3° [66]
Leonuri Herba Eudragit aqueous solution Fluid bed coating FI: T,62.0—84.0 [67]
Lonicerae Japonicae Flos PVPP Fluid bed coating AR: | ,53.3°—333°Cl: |,42.8% — 15.0%  [56]
Xin yue shu PVP-S630 Spray drying AR: | ,43.3°—385° [68]
Epimedium total flavonoids PVP, soybean polysaccharide  Spray drying AR: | ,31.2°—30.4°,29.7°Cl: |, 20.3% — [69]

19.0%, 17.2%
Salvianolic acid-tanshinone - Co-milling AR: | ,54.0°— 50.6° [70]
Mannitol HPMC Fluid bed coating AR: |,53.8°—393°Cl: |,46.7% —28.9% [72]
Calcium carbonate HPMC Fluid bed coating AR: | ,483°—37.7°Cl: | ,43.4% —264% [72]
Mannitol HPMC Spray drying AR: |,53.8°—375°Cl: |,46.7% — 28.4% [72]
Calcium carbonate HPMC Spray drying AR: | ,483°—423°Cl: | ,434% —321% [72]
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Table 2 The improvements of compactibility. CR: Compression ratio; TS: Tensile strength; AUTCC: The area under the tensile strength

curve

Material Modifier Method Improvement Ref.
Salviae Miltiorrhizae Radix et Nano SiO, Dry coating The coated curve in the TS curve is above [38]
Rhizoma the uncoated and has a larger slope
Zingiberis Rhizoma MCC, nano SiO, Dry coating TS: 1, 1.5, 3.0 fold [62]
Fermented Cordyceps powder Nano SiO, Superfine pulverization HR: |, 1.6 — 15 [75]
Sarcandrae Herba Micronized silica gel, mannitol ~ Superfine pulverization ~Compressibility: T, 32.7% — 43.3%, 46.4% [63]
Zingiberis Rhizoma, Puerariae.  HPMC, NH,HCO, Fluid bed coating TS: 1,3.8-8.1fold, 5.7 - 10.9 fold [65]

Lobatae Radix, Gardeniae
Fructus, Ganoderma

Andrographis Herba
Leonuri Herba

Lonicerae Japonicae Flos
Poria, Zingiberis Rhizoma

Zingiberis Rhizoma

Zingiberis Rhizoma
Lucidum polysaccharide
Fagopyri Dibotryis Rhizoma
Curcumae Longae Rhizoma
Mannitol

Calcium carbonate

Mannitol

Calcium carbonate
Mannitol-hypromellose
Erythritol

HPMC

Eudragit aqueous solution
PVPP

HPMC, PVP

HPMC, PVP, dextran, inulin,
mannitol, silica

HPMC

NH,HCO,

Porous lactose

HPMC

HPMC

HPMC

HPMC

SiO

2

Fluid bed coating AUTCC: 1,10.6 — 24.0 MPa-kN [66]
Fluid bed coating CR: |,25—18 [67]
Fluid bed coating CR: |,358—25.0 [56]
Fluid bed coating AUTCC: 1,5.1 — 125, 12.7 MPa-kN [76]
AUTCC: T,0— 8.8, 6.8 MPa-kN
Fluid bed coating AUTCC: 1,0—1.0,0.9,0.9,0.8,0.8, [77]
0.9 MPa-kN
Spray drying TS: 1,2.5-5.2fold [78]
Spray drying CR%: 1,29.1% — 32.4% [79]
Spray drying TS: 1,3.7 - 6.4 fold [80]
Spray drying HR: |,1.9— 14 [81]
Fluid bed coating TS: 1,15 - 4.6 fold [72]
Fluid bed coating TS: 1,3.3-6.0fold [72]
Spray drying TS: 1,2.3-3.1fold [72]
Spray drying TS: 1,2.6-5.1fold [72]
Spray drying TS: 1, 4.0 fold [82]
Spray drying TS: 1,3.0 fold [83]
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Table 3 The improvements of dissolution and disintegration performance. PEG: Polyethylene glycol

Material Modifier Method Improvement Ref.
Andrographis Herba PEG Superfine pulverization ~ Cumulative dissolution percentage: T, [84]
17.8% — 58.8%
Andrographis Herba - Superfine pulverization  Dissolution percentage: T, [63]
3.5% — 14.6%
Andrographis Herba - Superfine pulverization  Dissolution rate: T, (in 5 min) 3.6 fold  [85]
Angelicae Sinensis Radix - Superfine pulverization ~ Cumulative dissolution percentage: T,  [86]
50.3% — 59.8% - 87.3%
Sarcandrae Herba Micronized silica gel, lactose, mannitol, Superfine pulverization  Dissolution time: | , 30 — 20 min [63]
calcium sulfate, magnesium stearate
Salviae miltiorrhizae Radix et - Superfine pulverization  Disintegration time: | , 30.0 — 2.0 min  [87]
Rhizoma
Ganoderma - Superfine pulverization  Total extraction percentage: T, [88]
0.7% — 1.1%
Shenling Baizhu Pulvis - Superfine pulverization ~ Cumulative dissolution percentage: 1 [89]
Oyster shell powder - Superfine pulverization  Dissolution percentage: T, [90]
6.4% (60 min) — 18.5% (10 min)
Curcumae Longae Rhizoma PVP Co-milling Dissolution percentage: T, 30.0% — [91]
58.0%
Fagopyri Dibotryis Rhizoma ~ NH,HCO, Spray drying Dissolution percentage: T, 1.2 - 2.8 fold [80]
Curcumae Longae Rhizoma Porous lactose Spray drying Cumulative dissolution percentage: T,  [81]
23.0%, 26.0% — 86.0%, 98.0%
Sarcandrae Herba Micronized silica gel Superfine pulverization  Disintegration time: | , 98.8 — 58.3 min [63]
Zingiberis Rhizoma, Puerariae. HPMC, NH,HCO, Fluid bed coating Disintegration time: |, 20.2% - 27.0%  [65]
Lobatae Radix, Gardeniae
Fructus, Ganoderma
Table 4 The improvements of wetting performance
Material Modifier Method Contact angle Ref.
Indigo Naturalis Ethanol Co-milling | ,62.9°— 265° [92]
Indigo Naturalis - Superfine pulverization l,62.9°—46.1° [93]
Shenling Baizhu Pulvis - Superfine pulverization |,114.9°— 112.3° [89]

Table 5 Improved moisture absorption performance

Material Modifier Method CRH, balance moisture absorption, moisture absorption rate Ref.
Sarcandrae Herba Micronized silica gel Superfine pulverization ~ Moisture absorption rate: |, 77.8% — 76.4% [63]
Andrographis Herba Sio, Dry coating Moisture absorption rate constant: |, 1.6 — 0.4,0.1,0.1  [94]
Fermented Cordyceps powder SiO, Superfine pulverization ~ Balance moisture absorption: | , 21.2% — 14.5% [75]
Xin yue shu PVP Spray drying Moisture absorption rate: |, 18.0% — 14.0% [68]
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