22224 Acta Pharmaceutica Sinica 2021, 56(4): 1155 -1162 - 1155 -

BDFTENEAF A TZMU R M FIEREE L

PRamQ 2, s, xMam 2, xRS x| %2 ERHT, AR YT, AEET

(L. AR =2 SR, WAL fRE 071002; 2. R ZE F IR F 07 B SR 2590 72 FT, Ak 100850;
3. PE A RMBE 73101 FBIA, T75 1431 221000)

HEE: KRR B A4 T S28e ¥ it (design of experiment, DoE) Jyi% .y, % 3725 &5 7153 5 1 3D 1 B i) o 42 T
Vi AS A, S E Minitab BE B T = R T ACE = AN G A RS2 5 5, 20 M S 3 R R R P A I
TR F 2 R3S AR . Hk, FIH TSP B34 (computer aided drafting, CAD) 7 [l 5E £ T - 42 55 i B LU A
(r/h = 1.25) (RTHE R, XL RIAARRR K /NGR4T TR %8, 78 N R A (A A 5 750 8 10 4 1 [ U1 R, M S B 24 0 7 2 1) R
A, AT T ESHC B RN 12,2 5 150 um AT EISLLE X 47 21T 52 635 mme-s™, 2 (y) S
BARFL (x) BIENE 772 y = 0.062 x - 0.582 7 (R? = 0.999 9), ZkPE X R UTF. 45 ULH, @it DoE 3-8 T R AT
TASHE I T AR R IR ) o, S R

R 3DIT Y, &AL, KB T 285, &R it MEE

FE 525 R943 RRFRINED: A X E YRS 0513-4870(2021)04-1155-08

Optimization of process parameters of 3D printed clozapine
dispersive tablets and establishment of personalized dose model
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Abstract: This study aims to establish the design space of the key processes for drop-on-powder 3D printing
based on design of experiment (DoE). By utilizing Minitab, an experimental scheme with three factors, two levels
and three center points was designed to analyze the factors that significantly affected the tablet quality attributes.
Furthermore, the factor interactions were analyzed using Minitab. subsequently, the computer aided drafting
(CAD) software was used to adjust the model volume with fixed radius/height ratio (r/h = 1.25) and establish a
linear regression equation between model volume and dose. As a result, the drug dose could be controlled in a
flexible manner. The finally determined process parameters were: ink-jet level is 12, layer thickness is 150 um, and
the X-axis printing head speed of 635 mm-s™. Regression equation between drug content (y) and model volume (x)
was y = 0.062 x — 0.582 7 (R? = 0.999 9) showing good linear relationship. This indicated that robust and feasible
process parameters were obtained through DoE, and the preparation of personalized-dose tablets was realized with
good reproducibility.
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Figure 1 Two types of drop-on-powder 3D printers. A: Lower
feed powder; B: Upper feed powder
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Figure 2 Schematic representation of drop-on-powder three-dimensional printing
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Table 1 2 Full factor design of experiment

Factor Level
-1 0 1
A Inkjet quantity 10 11 12

B Layer thickness/um

C  Running speed in the X direction/mm-s*
Response

Y, Hardness Optimization

Y, Friability Minimize

Y, Dispersible uniformity Minimize

Y, Elapsed time Minimize

100 125 150
330 4825 635
Acceptable ranges
30-60/N
5%
<30s
<30 min
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Table 2 Design planning of 22 full factor experimental

Number Level A B/um C/mm-s*
1 -1 1 1 10 150 635
2 0 0 0 11 125 482.5
3 -1 -1 -1 10 100 330
4 1 -1 1 12 100 635
5 1 1 -1 12 150 330
6 -1 1 -1 10 150 330
7 0 0 0 11 125 483
8 0 0 0 11 125 483
9 1 1 1 12 150 635
10 -1 -1 1 10 100 635
11 1 -1 -1 12 100 330

-
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Figure 3 Schematic diagram of personalized dose model
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Table 3 Result of the 2° all-factors experimental design

Number A B/um C/mm-s* Y/N Y,/s Y,/% Y,/min
1 10 150 6350 3552 27 6.72 23
2 11 125 482.5 53.59 30 1.95 29
3 10 100 330.0 51.84 29 1.34 38
4 12 100 635.0 64.11 33 0.83 33
5 12 150 330.0 46.58 28 211 26
6 10 150 330.0 3476 26 555 26
7 11 125 482.5 50.86 27 1.70 28
8 11 125 4825 5015 28 231 28
9 12 150 635.0 51.05 29 2.55 23
10 10 100 635.0 52.47 28 1.67 33
11 12 100 330.0 61.51 32 0.58 38
a Pareto chart of the standardized effects
(response is hardness/N, a = 0.05)
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Table 4
Degree of freedom; Adj SS: Adjusted sum of squares deviations;

Results of variance analysis of hardness mode. DF:

Adj MS: Adjusted mean deviation sum of squares

Source DF Adj SS AdjMS  F-value P-value
Model 5 794.324 158.865 54.52 0.000
Linear 3 785.731 261.910 89.88 0.000
A 1 295.974 295.974 101.57 0.000
B/um 1 480.810 480.810 164.99 0.000
Error 5 14.571 2.914
Curvature 1 7.095 7.095 3.80 0.202
Lack-of-fit 2 0.878 0.439 0.13 0.535
Pure error 2 6.597 3.298
Total 10 808.895
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Figure 4 Hardness full-factorial design result map. a: Pareto plot; b: Main effect plot; c: Contour plot; d: Surface plot
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Figure 5 Friability full-factorial design result map. a: Pareto plot; b: Main effect plot; c: Contour plot; d: Surface plot

Table 5 Results of variance analysis of friability

Table 6 Results of variance analysis of dispersible uniformity

Source DF AdjSS AdjMS F-value P-value Source DF Adj SS Adj MS  F-value P-value
Model 3 346805 115602  39.09 0.000 Model 2 36.000 0 18.000 0 14.94  0.002
Linear 2 30.1655 15.0828 51.00 0.000 Linear 2 36.000 0 18.000 0 14.94  0.002
A 1 10.6030 10.6030 35.85 0.001 A 1 18.000 0 18.000 0 14.94  0.005
B/um 1 195625 195625 66.15 0.000 B/um 1 18.000 0 18.000 0 14.94  0.005
2-Way interactions 1 45150 45150 1527 0.006 Error 8 9.636 4 1.2045
AB/um 1 45150 45150 15.27 0.006 Curvature 1 0.969 7 0.969 7 0.78  0.406
Error 7 20701 0.2957 Lack-of-fit 5 4.0000 0.800 0 0.34  0.855
Curvature 1 1.0151 1.0151 5.77 0.053 Pure error 2 4.666 7 2.3333
Lack-of-fit 4 08669 0.2167 2.30 0.325 Total 10 45.636 4
Pure error 2 0.1881 0.0940
Total 10 36.750 6

7 V1 5¢ . d 55 E 22 AN il T 2008 P b R, A AR I I
LR, BXF Y s MAOR; AR, BXTY, 80 ARG

1.3 EMYHHSMMEZESR 7E& 6a.b 1 pareto
AR RN AS B A, BRI A R R A Y, 1R R,
F 6 PRI BEAT 77 22 50 M, TR0 P 79 0.002 (P <
0.05), Bl AR 2. LAARGMAD S0 R 1K [ 7
F2:Y, = 19.82 + 1.500A - 0.060 0B. %] 6c.d 152 H.AE
JFH A5 2 R i T A5 P o s, AR B AR Y 2
AW ABRIR, 70 1554 0 36 I 07 9 o P )
A B, ) A T S o 7 X T I i e

1.4 SWITENFEMEZEREZR  H7a.b pareto K K
2 HAEHBE R, ma Y, R E N R ANB K C, KT

Table 7 Results of variance analysis of elapsed time mode

Source DF Adj SS AdjMS  F-value P-value
Model 2 274.000 137.000 125.58  0.000
Linear 2 274.000 137.000 12558  0.000
B/um 1 242.000 242.000 221.83  0.000
C/mm-s* 1 32.000 32.000 29.33  0.001
Error 8 8.727 1.091
Curvature 1 6.061 6.061 1591  0.005
Lack-of-fit 5 2.000 0.400 120 0513
Pure error 2 0.667 0.333
Total 10 282.727

XPIZAE TR AT T3 2 43 W, 322508 P {524 0.000 (P < 0.05),
BRI RAR S A, DL G i R R R 1 [R] VA T
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a Pareto chart of the standardized effects b Main effects plot for dispersible uniformity
(response is dispersible uniformity/s, a = 0.05) Fitted means
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Figure 6 Dispersible uniformity full-factorial design result map. a: Residual plot; b: Main effect plot; c¢: Contour plot; d: Surface plot
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Figure 7 Elapsed time full-factorial design result map. a: Residual plot; b : Main effect plot; c¢: Contour plot; d: Surface plot

15 wit=mEmEs hl EERER ANBES
L IINEEN RS S A TS b K E I kel

UF Y Th Y, AR TR Y, 2818 . B 02 IR e 2
I IR L, Y, R R Y, T S AR B AERE



Brln0og%: 3D 4T NS 2 HOR L EAUA B R AR T e 5 - 1161 -

o e RS B — B A BAR R . R B3 N2 2
FEAICHT BN F () AR FEIS , 4R =T DR o W& & DA
s e R ER 2 A T N AR Y H AR ST T T ED
SR BTE AR, B8 B X I s o i AT E 4T
P4 A 12.B 150 um £ C 635 mm-s,

Contour plot of elapsed time, friability%, dispersible, hardness/™
150

Elapsed
4 time/min
v i)
140 . .

o Frinhility%s
4 4 —0
.E 130 | __.f‘ s Dispersible
b - uniformity/S
= ol L
= Cr 7, == 30
St g by Hardness/N
- e ("' o Hold values
0 /(‘,. Runing speed in the X dircetion / mm-s* 635
- "'
100 | - el
10.0 10.5 110 11.5 12.0
Inkjet quantity

Figure 8 Design space of 3D printing clozapine process parameters
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Table8 Table of radius (r) and height (h) corresponding to different
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\olume/mm? r/mm h/mm Dosage/mg
2000 9.27 7.41 123.9
1500 8.42 6.74 91.7
1000 7.36 5.88 61.4

500 5.84 4.67 30.7
300 4.92 3.93 17.9
200 4.30 3.44 11.8
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Table 9 Regression model verification results
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Figure 9  Scanning electron microscope (SEM) characterization
of 3D printing tablets. a: Tablet appearance; b: SEM with magnifi-
cation of 50; c: SEM with magnification of 300
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b GEARIEAT SR SEIHT NP S B A R A AL
J7 R BEVLRC e FRE ST B AR S R BT 7E S PP S 4L
FRTE A, #E TR TS HON R TR R
JATEN Sk X Ais AT . A BL B S5 R AT LU i s
DUAIEYS EAMITINEIRERTE -2 NG LS )2 5
FAE— WA EAF . Wk B K FRIBE LR K )
HCAZ AN RRS B AT BN 2. R IEK,

Dosage/mg Volume/mm?® r/mm h/mm Actual dose/mg Weight/mg Friability/% Dispersible uniformity/s
100 1623.19 8.64 6.91 104.9 £ 1.53 1049 +1.53 2.60 15
12.5 211.90 4.38 3.50 12.7+0.31 127 +0.31 4.93 4
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FTENRICVE ST 43 Bh 45 TR PN A UMM FEAS 2
WAE AR AE 2 B0 B 3 2 R LW R 1, 5 2 o R
SRR 12, [RITHT B2 AL 2 RN 4T EDEERT, 2
JELER K, FT BN FERS B, MR T 3T EDJZ R A 150 um
(7F BB S R 3R 25 5 i, > 2 JEE 80 150 pm B G323 S 90
AR 4. FTE S AE X B 77 1) b (138 17 3 AR L A
FTED Sk (8 S A% I, 3ol S R R AT el vy o T8I K
o AN R R KT I 52, e N TR R T ERRAA
M R M . 45 R R IR [R X Rhig 4738 B A 2 5
i) A 7105 ) S 2 DR 2R, E 0 I S B A AT A R R I
IR A HE T /KT 635 mm-st )iz 47 3 E LA R AN
S Py S ER AL R R RT3 R PR AT B AR .

I AR /N T R ST T SRR R S
R ML PE R 5 R . RV ST ML AR A5 AN R
(254, ASBIF 7006 52 (1 24 & B KB A > 100 mg 55 /)
FURE R 12.5 mgo  TEXT 2R AL 56 10 b A% X P R RS
BT THTER . B R AT EL /N 2R 77 0 2
JfEREE (< 5%) I FF A B B R, MIGAE T FH A ik
Ab 7 AT BN 2 B v U IE B, v SEBLF) & pi R B = 4T
EPIRaE M, NSRBI BT B T — R R SR

[F i), 3D FT BN AR 1 I 26 VF 22 1 20 Fn Bk e, b i
R I ) 240 DR 2 3t 4T BN Sk AR I AR e v, ARHIE 78 19
FTED SR 24 48 4720 W5 Sk, E BN - 44T B0, H
o SR KR R S M RE R R . E SR KO 5 Sk A i 5
FERON ™, B WL TERS % T R, BHE:
OB R MG B R TR, PR T A B e
3D FTERHHIF R FE FFE A £ X HEEME L.

Ve TTmk: MmO B4 52 R 5 AR 55 BRIREE XA A
01 B R 301 i 5 SRR A 2% RN 5 32 8 0 i e T
SR R SO I % P AR AR, SR S B R R HE AT S A
R

FITE B ST N EAW B KR 75005, K5 AT
TR B AR G 48 55 2H 2R 1 42 B ) 2 (1) 48 5 R 2 ) e B
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