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Abstract: The aim of this study is to apply 3D printing technology to hospital drug dosing operations, and
explore its feasibility and scalability. Drugs often dosed in hospitals are selected as models.  The commercially
available drug was ground into powder, diluted with medicina excipients and then mixed with 75% ethanol
and binder to prepare a paste for 3D printing. The dose and physicochemical properties of divided tablets were
controlled by setting print parameters and printing models in computer software. Different 3D printers were
employed to evaluate the impact of the device on the dosing tablet. Two drugs were dosed in this study to
explore the scalability of 3D printing technology between different drugs. The drug content of the three divided
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dose tablets (warfarin sodium 1 mg, 2 mg, hydrochlorothiazide 5 mg) was 1.02 +0.03, 1.96+0.01, 5.19+0.06 mg.
The content uniformity was 1.0, 5.3, 2.6, respectively. The drug dissolution rate was (99.3 +1.2) %, (101.5+0.3) %,
(98.1+£0.8) % in 45, 45 and 30 min. The mechanical properties of the three sub-doses and the stability within
30 days were in line with the Chinese Pharmacopoeia (2015) requirements. At the same time, it was found that
the printing parameters and prescriptions can affect the properties of the divided dose tablets. By controlling
the dilution ratio of commercial drug and printing parameters, the drug release rate can be customized to achieve
individualized treatment. Both different modes of 3D printers can produce qualified sub-doses, and 3D print
dispensing technology was also versatile between the two drugs. 3D printing can prepare small-volume,
high-precision, high-repetition dosing tablets, with all properties in compliance with pharmacopoeia regulations.
Thus, this method can be used as a new and scal able sub-dosing method.

Key words: 3D printing; warfarin sodium; hydrochlorothiazide; personalized dosing; on-demand manufac-

turing; personalized medicine
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Table 1 The proportion (w/w) of the raw materials in the
printing paste.  WS: Warfrin sodium; HCT: Hydrochlorothiazide;
MCC: Microcrystaline celulose; HPMC: Hydroxypropyl
methylcellulose

Prescrintion WS HCT Corn MCC HPMC
P powder/%  powder/%  starch/% 1% 1%
WS paste 61.4 - 18.5 15.7 4.4
HCT paste - 13.2 428 36.6 7.4
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Figure 1 3D bioprinter with high-precision (a); desktop-grade
food printer with high print efficiency (b)

Table2 The printing parameter of the divided-dose tablets

Paste Nozzl e Heightof Print spiad F.i I Plji nting
sizelmm layer/mm  /mm-'s density/% time/s
WS1mg 0.26 0.22 5 40 300
2mg 0.62 0.60 10 100 60
HCT 5mg 0.42 0.36 8 100 84
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Figure 2 From left to right are WS 1 mg tablets, WS 2 mg
tablets, HCT 5 mg tablets
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Table 3 Physical and mechanical properties of three divided-dose tablets. Diameter (d), height (h) ( n=10, X+s), weight (n=20,

X +5), hardness (n=6, X=*9)

Model dimension

Paste dwh/mm Diameter/mm Height/mm Weight/mg Hardness/N Friability/%
WS1mg 8.00x2.00 7.93+0.03 1.94+0.03 49.70 + 1.56 20.7+3.2
2mg 8.40x2.20 8.23+0.04 2.30+0.08 98.74 + 3.62 32.8+ 34
HCT 5mg 8.00x2.80 7.84+0.04 2.89+0.02 99.20 + 2.89 28.8+2.8 0.9
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Figure 3 Invitro dissolution profiles of various WS sub-doses,
commercially available tablets (a) and HCT sub-doses and
commercialy availabletablets(b). n=6, X=*s
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Table4 Effect of nozzlesize on tablet properties.  n=6, X+s.  P<0.01 vs0.26 or 0.42 or 0.62 mm
Nozzle size/mm Weight/mg Hardness/N Disintegration time/min Print time/s Print speed/mm-s *
0.26 72.75 + 1.63 26.7+ 3.3 23.0+0.9 390 5.6
0.42 76.67 + 2.42 26.3+ 2.6 253+ 1.0 215 5.6
0.62 71.92 + 2.53 26.8+ 25 240+ 15 60 10
0.84 75.83 + 3.07 247+20 19.8+ 28" 39 14
a 40
Inner -
?D it 30 Circle
= 80 =
?—; 60 ) E 20 y -
o - WS 1 mg b e
2 WS 2mg = I
2 HCT 5 mg 10
0 o T -
0 5 10 15 20 25 30 o F T ==
t/d 10 0 40 60 80 100
b 120 Fill density / %
100 e —* Figure 5 Effect of fill density on the disintegration time.
2 g Radius 2.5 mm, height 2 mm, nozzlesize0.26 mm. n=6, X+s
5 w
5 S B L. BERRIMR . BRECKIEMA, KA
=] A —— WS 2meg | 7 Y B
20 e A FhRR TR S0 AR P2 A B SO . FLRE S e e
% 5 10 15 20 2 30 TRUEFTRBCR, 0 REEMW. AR, BER
1/d

Figure 4 The content stability (@) and dissolution limitation
stability (b) of 3D-divided-dosetablet. n=6
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Figure6 The mass of filaments extruded at different concentra-
tions of ethanol at different pressures. n=6

NG K OREAEARFE ST 10 s HrHH B
B B oK EEBI4 N, 10 s YA IR R 71 55 H B2 8
JRE R/ o 25% L WEAE MR 70 T 5% L 2RORH B iR
%, AT, AKAPERInsE, Fitkgse, <
BURBIAELLS . 85% AME R PERAR, — 2K T 5
H B A K o 95% LWE Ky Kb, e LU AL %
(1 HPMC KB R & 4 7y R 51, S BUEIE K,
AR SIFEH, HORBERSA R - KL+ 75%
LA NIRRT . LB KEGIE , Bmi LRE
BUIPRAT B [ AL, — € &K HPMC 2
JRAEERE S o AT Ak RS S5 R 9 b 46 771
BB TC ik /2 ZoR o R HIE R AL TE BT b
K, BTERIRE L ZOR, HETRA T R ARG
KA TR R AR IR S f, TR &
RKZ K FBT GG o ST EN IR R L
PR CLR R G FHERT S I . ELSLSROBAS W 2
T UM, XA BERE PRAE B th S R A 208 1R it
A [A], SCREIRE S T B AR 5 9 E 77 SRS R V& R 22

g
AUREAIZH] 3D 4T EIHANS 11 & i AR5k AR
Fiv EMEE R HEAT 2 IR AR, 3 R RIE RS
O R A AU BT AT A 2 R E, R
(5] PR T BT 45 B8 T 2 70 7B P PR 20K o 8 LR
LR = R G IR DT IEA M B LU T, 3D
ITENEARAN R — R BB 3 IR 5 i

References

[1] Arnet I, Hersberger KE. Misleading score-lines on tablets:
facilitated intake or fractional dosing? [J. Swiss Med

Weekly, 2010, 140: 105—-110.

(2

(3]

(4

(9]

(6]

(8l

(9

[10]

(11]

[12]

[13]

Liu YJ, Liao JW, Chen JY, et a. Reasons, problems and
countermeasures of tablet dosages [J. Chin J Hosp Pharm
(" BER 252 2k &), 2011, 31: 692-695.

Lin Y. Investigation on the Accuracy of Tablet Dosage and
Its Influence on Children's Medication Safety (24§ )43 7 &
HE AP 52 xt )L 25 % 2 m) [D].
Zhejiang University, 2014.
Huang SY, Shi F, Li H, & a.
high-risk tablets for oral administration in hospitals in a
children's hospital in Shanghai [J].  China Pharm (  [E 24 Jifi),
2018, 21: 257-260.
Zhang HX, You J.
dual-layer tablets [J]. Chin Pharm J (th[EZ52£7% &), 2017,
52: 298-302.

Li QJ, Wen HY, JaDY, et a. Preparation and investigation

Hangzhou:

Investigation of the use of

3D printing of aspirin immediate-release

of controlled-release glipizide noveloral device with three-
dimensional printing [J]. Int JPharm, 2017, 525: 5-11.

Li QJ, Guan XY, Cui MS, et al. Preparation and investigation
of novel gastro-floating tablets with 3D extrusion-based
printing [J]. Int JPharm, 2018, 535: 325-332.

Chen XY, Peng Q, Hu DQ, et a. Correlation of CYP2C9
and VKORCI polymorphisms with warfarin steady stable dose
and computer model-predicted dose [J]. Acta Med Univ Sci
Technol Huazhong (R K224 K 2 fR), 2015, 44
92-95.

Hu J, Zhu JR, Yu F. Meta-analysis of safety and efficacy of
warfarin dose prediction formulae for clinical use [J]. ChinJ
Clin Pharm Ther (H B i /K25 B2 5 1697 %), 2015, 20: 296
303.

Wei Y, Sun YY, Wang KS, et a. Pharmacokinetics of the
combined preparation of lisinopril and hydrochlorothiazide on
Chinese healthy volunteers [J]. Acta Pharm Sin (2527 224R),
2011, 46: 955-961.

Skowyra J, Pietrzak K, Alhnan MA. Fabrication of extended-
release patient-tailored prednisolone tablets via fused deposition
modelling (FDM) 3D printing [J]. Eur J Pharm Sci, 2015, 68:
11-17.

Pietrzak K, Isreb A, Alhnan MA. A flexible-dose dispenser
for immediate and extended release 3D printed tablets [J].
Eur J Pharm Biopharm, 2015, 96: 380—387.

Sadia M, Arafat B, Ahmed W, et a. Channelled tablets:
an innovative approach to accelerating drug release from 3D

printed tablets[J]. J Control Release, 2018, 269: 355 —363.



