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Spherical Pulverization—Design of Spherical Drug Particles by Mechano-Fused
Granulation/Spheronization Technique
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ABSTRACT

The novel dry milling technique, i.e. “spherical pulverization”, has been developed by using a mechanical
powder processor. It was found that the model drug crystals with more than 100 um in diameter were well
pulverized by co-processing with fine particles of corn starch (CS). The morphological observation and par-
ticle size evaluation revealed that the processed products formed the composite particles with ordered-mixed
structure, having double-layered particles with a core of CS and a coating layer of drug crystals. This result
suggested that the drug crystals were selectively micronized and the resultant miniaturized drug particles were
adhered/fixed on the surface of un-milled CS particles. The mechanical characteristics detected by the indenta-
tion test assumed that the brittle drug crystals sandwiched between elastic CS particles would be successfully
crushed down by high shearing stress in the processor. The dispersion-sedimentation test indicated that the
fine drug particles were immediately detached from the composite particles in aqueous phase, constructing the
fine suspension. The dissolution behavior from the processed particles was found to be improved and strongly
dependent on the size and amount of detached drug particles. These results would propose the contamination-

free dry milling technique without using hard milling balls or beads.

Copyright © 2017 The Author. Published by Hosokawa Micron Corporation. This is an open access article under 49
BY the CC BY 2.1 JP license (http://creativecommons.org/licenses/by/2.1/jp/).
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Fig. 1 Concept of “spherical pulverization” —Dry milling, granulation and spheronization of pharmaceutical crystals under

mechanical shear stress—.
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Fig. 2 Scanning electron microphotographs of starting materials and composite particles (CS:PHT=8:2).
Upper; CS: corn starch, PHT-M, -L: middle and large sized phenytoin
Middle & lower; composite particles treated with S, M, and L-sized PHT
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Fig. 3 Particle size distributions and D50 values of starting
materials and composite particles (CS:PHT=8:2).
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Fig.4 Mechanical properties of the single particle of PHT
and CS, and representative microscopic photo of
one particle before and after loading.
(A) Typical stress-strain profiles of single particle of
CS and PHT under compressing between plate and
rod at a fixed speed. The loads were plotted against
compressed depth.
(B) Cumulative number distributions of 30 particles
of fracture load for PHT and elastic limit load for CS.
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Fig.5 Particle size distributions and D50 values of dis-
persed particles in aqueous suspension withdrawn at
3 c¢m level from surface before and after centrifuga-
tion (300 rpm, 60 s).
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Fig. 6 Percentage of residual drug particles still holding
suspended in aqueous dispersion medium after dis-
persion sedimentation process.

Sample: S-OM9:1, M-OM9:1, and L-OM9:1

TEEELTWD, REIWC, BHWELTHR 17
23 (pH6.8) Z V7AiM REZE 7 12
AT o A, D CS:PHT OFE A AT9:1, 82, 7:3 T
Hbo WTIIZBWTHEERIZHA, BB
W Lze — IS, BEATESED 2 it LT K
MR CTEERZIZEL, BHOWHFRIIIES RN
ENGWT, REER T O, WL PHT KL7-2°
CS RLKIMICIRAE L, KT MBS iz Z &,
T/, CSHDOHRMIHBL L TH L, Liicp
b B NEHAEAIER U722 & A IHYGE ISR L
T2bDEHEEE L 2e 7272 LEMEE LCTo PHT #&
MK EN 72D, EYEENEP 720 T D EHE
HUGERRIZET L, EYESEERNICBT 28 %5
WIS EE LT 720 COBELT, —
O PHT &5 S SR T2 & OBEBL L 22 225 7272
HLELELT,

4 BBbHIC

B PER IR S O B IRUE O 720 O BH| FE3 f
HoHH, BWEHABIIBIE-RITIHETH S,
AR TR L7z "B 13, — R 2k
BB LTWEY, @GR I IV I hENLES
EAR— LR =X Lo R EARZ L 2w
K=V L ABHTH 5B, BARDOEI - KITF - BEFEIC
X8 HEYE (avyI4h—ay) ofRMiErs

53



%‘Z? The Micromeritics No.61 (2018) 49-54

CS:PHT =9:1

S 100 4

Dissolved (%)
=

CS:PHT =8:2

CS:PHT =7:3

100 1
90 1
80 1
70 A
60 1
50 A
40 4
30 A
20 A

0 ? T T ()
60 120 180 0

Time (min)

60

120

Time (min)

180 ¢ 60 120
Time (min)

180

7 CS:PHT=9:1, 8:2, 7:3 DHEHHK.FH 5O PHT OEMZEE) GREITHG 17 % 21, pH 6.8) (PHT-S, -M, -L

Z k& LCEA)

Fig. 7 Release profiles of PHT from composite particles with CS:PHT=9:1, 8:2, 8:3 in JP17 No. 2 fluid (pH6.8).

Wiz, PR AT B R R R R E NS
IR mnpE R TIE, FMAMEA RV EER b T2,

WHEESE (OD $8) HOWR< A F ¥ 7 Rtk e
Vo 7 IR O RSBl & L TSR ITE

RS & e TR O o 72 ERIERL T O ENb,
720, WERNTELTO@EEZAE LTS, LI
References

1))

2)

3)

4)

54

Kawashima Y., Okumura M., Takenaka H., Spherical
crystallization: direct spherical agglomeration of salicylic
acid crystals during crystallization, Science, 216 (1982)
1127-1128.

Kondo K., Kido K., Niwa T., Spheronization mech-
anism of pharmaceutical material crystals processed
by extremely high shearing force using a mechanical
powder processor, European Journal of Pharmaceutics
and Biopharmaceutics, 107 (2016) 7-15.

Niwa T., Yoshida M., Hayashi N., Kondo K., One step
preparation of spherical drug particles by contamination-
free dry milling technique with corn starch beads, Interna-
tional Journal of Pharmaceutics, 528 (2017) 624-636.
Staniforth J.N., Rees J.E., Lai F.K., Hersey T.L.J.A.,

(EERBN

5)

6)

7)

Interparticle forces in binary and ternary ordered powder
mixes, Journal of Pharmacy and Pharmacology, 34(3)
(1982) 141-145.

Thiel W.J., Stephenson P.L., Assessing the homogeneity
of an ordered mixture, Powder Technology, 31(1) (1982)
45-50.

Taylor L.J., Papadopoulos D.G., Dunn P.J., Bentham
A.C., Mitchell J.C., Snowden M.J., Mechanical charac-
terisation of powders using nanoindentation, Powder
Technology, 143 (2004) 179-185.

Zimper U., Aaltonen J., Krauel-Goellner K., Gordon
K.C., Strachan C.J., Rades T., The influence of milling
on the dissolution performance of simvastatin, Pharma-
ceutics, 2 (2010) 419-431.

FF] BIFE  Toshiyuki NIWA

(FREE) 1991 SR R BERL R AR A LU, 1995 4E 7 7 A4 = (Bk) AtL, 2007 4K
i€ (k) BE RHT7N7 7 —<) Atk 2008 EX IR IEATRBA 70 e
Bdz, 2013 45 & 0 FRAEEdE (BU)
(FPT) BGl7, B R Loy, AIEEMBEML . iRl id, 3T/ S ORI & PRI DIEH,

BEREPERRL T D F BLELE Al B X OEMIRTE IS X 2 5 A O F S 2 g5 & L%

LY ATV S,
CE#&SE] niwat@meijo-u.ac.jp



