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3D Printing Manufaction and Drug Release Test of TPU/B-elemene Airway Stent
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Abstract : Thermoplastic polyurethane (TPU) airway stent was prepared by 3D printing of molten deposition, then the 3
-elemene was loaded. The effect of the surface pores and the print extrusion ratio on release behavior of (3-elemene was researched.
Testing method of -elemene concentration was explored by ultra-high performance liquid chromatography (UHPLC). The resolu-
tion of B-elemene was more than 1.5 and the number of theoretical plates was more than 19 000 when the mobile phase was acetoni-
trile-0.1% phosphoric acid aqueous solution (93 :7) with the Agilent C18 column. The cumulative drug release of 0,4, and 8 holes of
the stents are 25.88%,31.02%, and 34.41% respectively , which is characterized with explosive release of the drug in the early stage.
Continuous release time of the stents with 4 and 8 holes are less than 6 days. The drug release rate is decreased with the increase of
the higher printing extrusion rate for the stent without miro-hole. The cumulative drug release of 80%, 100% and 125% extrusion
rate of airway stents are 67.76%, 38.07% and 26.08% respectively. The release rate of (3 -elemene in the stent can be accurately
measured by UHPLC, and the drug release behavior of the stent can be adjusted by adjusting the extrusion rate of 3D printing, which
can provide guidance for product development and clinical application of drug loaded stents.

Keywords : thermoplastic polyurethane ; B-elemene ; airway stent ; 3D printing ; drug release

EE&TA: FEHARFEEET H (82272160), 2022 4E ) A EEE 0170 H (pdjh2022b0424) ) M EERE 27 2023-2024 4F [ K RHEL A1) 55
H (2022 A086)

BIRIEE : B, 2R, EETETT [0 ALY R0 50T AR 3D AT ED

WFs B HA: 2023-01-13

SRR K, W2, AR, 55 TPU/B-ME 4 Sl S 28 3D AT ERil 45 M 25 R e i []. TR MR L 2023, 51(3): 1-6.
Zhang Yi, Pan Junan, Lan Jialin, et al. 3D printing manufaction and drug release test of TPU/B-elemene airway stent[J]. Engineering Plastics

Application,2023,51(3): 1-6.



2 TR

2023, %45 51 42,55 3 1)

OB IR AR N SR RS SRS
S SRR 5 /0N I R 2% B Sk ) P g | I R R
M, 7 H AT A IR R i A M A . AT SR
BRI AGE B AS I —FR B AT, AT S R
i B £ TR R Y R v 2 T R SR I R
1697 R IS IAE N G RSB 5 5 | R 7 ™

S R UG, 5T R AL 3 25 R S Rl i 2
VI BRI A B LAY,

I IR (IR (TPU) & — Fh 243 B v L Jin T
PERELF A YA AR RO R = o T L R R 2
SRERAS DL S, LA TPU AR R 3D 3T
B ARG AP Ak 1 38 SR SOE 78 1R
AT AT R AR N 7 B-H = M
ZRh 22 A IR A 4 h BRI S R — il R
SR 250, % Z2 i A M 0 EL A 2 1
AER RGeS ST AEAIE R T S IRFEC ),
LN PN A A N AR AE PR 2E AT R A A A A
T TR AR 14300 ) 2807 A PR AR g 49 i) 255
N7, ik B RS e M T A A ] A TR 2 R AT 4 i b
He o Jesse!MWFSY T RAZ IR IS SGE S 2R T TR
OVEIER AR R 2R U K A A IR T 3R
BRI R E A RS . R 3D FTEREE A
B A MEAL IR A S S, BRI A DA AL i
T, AMEAAGE ST 5 R GBS HEDT G, 35
il S AR P N A ) BT T A A B R L ) < )
ZERNET A G A 9D S PRI TE B, DT A P
WA X o PRI, TF R TPU/B -1 75 i = 1 S 2R i F
FEHEA R AT R R A

SEH LA TPU AL, SR H 3D AT ER i 48 AN [R] 45
P ) STE SCHR SR G 2 48 B- MR- , TR FB8 R A0
AT S SRR P TP 25 Tk B A T 1 A5 SE
Z0 R AT FLIIR B AT ER A% s 0t B - M 4 Js R il A 7
SISENR , SR 2 2 S SCAR 7 I A R PR B ]
FEOERRIS AR
1 SEIERS
1.1 E&RAMH

TPU:TPU LASS5, EE YL, LR TR T8 A BT R
/N

B - 7 4 ok B - 4B BE=97%, | i PR AR Rt
BARAT

CNE B 5, 36 E BCRIEFIA A 5

BEIR - (A3 2, IR PE AL Tl A BRAN A 5

B 2, (PEG): PEG 200, 73 Hr4ti , Jb mo ik sk i
BHEABR A

BERRER 2% vh I (PBS) : | MNERT A MRk A7 B
NCIE

T IR IR AN (SDS) : A F A, LR
T AR A AT BR A
1.2 ZE2MNELHEE

3DFTERHL: TT1 8, MR A B A

3D FTENLE #5286 AL . SESI-20/28 HU , | JH % ]
SRS T E A BR A

A 2 RRRE 45,35 < 1290 Infinity 1175, 35 6 %7
FERRHE A R A

8 4l K AL Milli-Q Direct 8 %I, 5 [# Merck /A
GF

B R : TLE104E &Y, Mgl -0 R 2025 (L
M)A BR A

S2U % pH it FE20 28 , A -0 R 2L 2% (1
A RRAF]

Bdes B A P VRS : KQ-500DE B | [ 11 75
A A BR AT

S EIIR % : THZ-92 A&, | il ey
WS AT BR A ] 5

AR .00 - SZ680 1Y, H P& BRI AT TR
iV R/ANEIN
1.3 3DITHP &AM H &

TPU 1E H.25 T4 1 80 °C F T4 48 h i, R
3D FTEPZ A SEBRHLAE IR 190 °C  EHLFLHN 40 1/
min £51F T &M, Zeb B2 M(3.0040.05)mm.
1.4 A8 F 6§ 3D EAE

K 3Dmax AR N A TR %S gk i AR
T B ET R AR ) TE SR 3D R, HAME Kt
o R WL 1 RGE X ARAME 16 mm, N4 9 mm,
BEJE 1 mm, &4 50 mm, £ R E2EAR N 1.5 mm,
oA 3 mm, BRI AT B R

(b)
a—F A ; b—REHRIHE A c—IRHLIA
Bl AIERA S 3D A



AR, 55 - TPU/B-M B I S 3D T E i 46 B 2 e il ik 3

1.5 HHBAE TR E

SR A8 Rl TR 3D AT B i) A8 I8 48025 SO 48 < s
S B R 225 °C IR B R 50 °C FTEREEJE R 35
mm/s F2 3l A 45 mm/s | [B1HE B R 40 mm/s, T
BN th 3 4% A ] 225K 3 01 3 5 H 80%, 100% F1
125%.

K % PR i B - M A s X IR S 0.107 1 g, FH 7 mL
PEG 200 % , #75 30 minfii 5540 5], 15 0 ik i
415.30 mg/mL 1Y B-ME T AL A o R S A )
TG A R A 0.6 mL [ IRIEW, SRR
RSB PR BT LA 202 S 2
1.6 HLAWArf i & agm 2

WG 2% PR B-M A M X IR 01125 ¢, B F 10
mL AE O, % g B B R AR R )
L RRAT AR TR M 11.25 mg/mL (1) B-ME Tkt
W o MUK B B A 4 1 #5110, 20, 50, 100,
200,500, 1000 wL, & T 100 mL ki (o 2514,
o A B Y, AT BRIk B Ok 1.125,2.25,
5.625,11.25,22.5,56.25, 112.5 wg/mL (1) B-#i & K
FRUETI -

SR FH R 5 255V A 0 i ) 5 o o A R A ST
PRufEMIZL . g 25 {2 ZORBAX Eclipse Plus
C18 £ (4.6 mm x 250 mm, 5 pm); i sh 4 Ky 2
-0.1% B R 7K 7 (931 7) ; it A 1.0 mL/min; # i
425 °C Kl 210 nm; FEFE LN 10 wL; B35
TESERT R 15 mine 2l B-498 7 s vie i - g 1 AR 1]
AR, EEar B AT AV s pn e 4k
1.7 X RGBEHBHM R

FRHEL 20 g PBS (25 °CHf pH=7.4)F120 g SDS, &
T2 LARMY, ALK R MIA B E 2%
A7, B 1% 14 PBS-SDS ¥k .

P20 SN 50 mL B9 B0, A 30 mL
) 1% PBS-SDS ¥ M AT 1 . IR FEAMF R IR
37 °C, JRFEHHZHE N 100 v/min, 1242 3 h 5 BUH 45
3 BT, W SR PR 30 mL 1% PBS-
SDSHIA W MBSO T, #i R E IR R 6,9,
12h,1d,2 d------20 d il F53AS [F]9= 2 sf [ f) g AR
SR PR € 1 AR
2 SHBR5ITE
2.1 MEAM e 24N E AR W EAT R

(& EHLR

TEFTENI 1 S 48285 28,0.6 mL PEG J:-4% 1.7 f

IR R 3 hifil 1528 FUREOR , B3R 28 F R L
WA 1.7 25 1Y 3 h BRI 45 10 L, AR A AR
FEA, 4% 1.6 TR B (i A5 PR UEA T I , 45 5 DL ]
2, M2 WA, 28 FIREOIRAS 2 T4 B-HE A M i s
L ZOTE L R R AT

N

B KM%%j
5 5 65 8 95 11 125 14 15
5} 8] /min

B2 R AR ROR o e
(2)id M
K 4% W B3 h B AN 112.5 pg/mL Y B-HE A
SRRV AT 10 WL, VA S RORAE (350G T
W, G5 UL EI 3. M 3 AT, B-HE 704 1) o3 5
KT 1.5, L2850 B AT BRI IE R L B-1E 750 11
A/NF19 000,

—

05 2

,Agdwh,ﬂ PR
y N—
3

| .
| ﬂ)r‘/ﬂmm i

w{ ‘ﬁ\
IRV Y x\\ )
! ) \B-HE AT

— e B N

5 76.5 8 95 11 125 14 15
5 8] /min

F3 S K R R  H

QVAML R T,

G AR 1.6 il £ AR ERS W45 10 pL,
A = O A T E SR T A, L
B~ s o R 11 I VAR R B A AR (X, W TR Ry
AFR(NHEATL AT . B-HE I 14 b o 1 4 2
I R LR 4,

go0l ¥=7.399 6X-2.170'5
R=0.9999

0 20 40 60 80 100 120

WRIE/ (ng - mL™)
K4 p-HEEIEARIERZE

AP 4 R BRI AE 1.125~112.5 pg/mL 5
NI DG 2R R AT, AT JE S 4 i 7 s e B Tl e



4 TR

2023, %45 51 42,55 3 1)

L
2.2 R @ILE N IR BGMBERAT A # R

R T WEGE S AR AL X 25 W R 5 ), A
SRRy ) B 0 LA L4 FL IR AN 8 £LIR (FL4% 0.2
mm, F RSk AL B ] 7 90° 1 B — 1Y), 44 1.5 Frik
J7 VR RNEF H 38 125% 451 T il 25 2 24 3028, K
WE R UNIAL 5 Bz, 242 8 d Y25 B 4 R LK 6.

e o
B

A
R s
i

=

K5 AL T 9 E SR
25-

—= 04Li
200 —o— 4Ll
—— 8Ll
= st
]
= 10t
B
m 5L
ez
0,
01 2 3 4 5 6 7 8
fifal/ d
()
40}
< 30
i)
":‘é 20
i
B 10f arsyt
0901 2 3 4 5 6 7 3
iy A/ d

(b)
a— 1 F RSN ZR s b— B H R 2%
6 RILISE A SRR 2 %

HH &6 A R ] 24y 3 h, O LI (4 LI 8
FLIR S S 4 B AR A RS 3301 R 13.49%
21.28% H121.08%, BV 3L 1 ¢ Bt Jm R i it 2 48
AR, 4 fLTIA AN 8 AL A IE AR 6 KA AR IIAS
SN2 REI, U B A PRS2 2R TC AR IR 2L R
255, 0FLIR 4 FLIA AN 8 FLIIA SZ 28 254 8 K R
TR 23 5 K 25.88%, 31.02% H134.41%, 1561 52

AR LI R 22, 25 W Tt B K5 (R AT I 25 5 1)
PR Frae Bt Ia) i . 0 LI S 2050 8 KIS REA:
2 245 ) Rk, 196 BA I 75 A T LR, 245t e
BRI ok, LR PR AT B2 3D FT BN S 48
FIA G HAEE AL
2.3 ATPPE R AT BT A WA

R Y Sk 3D 4T B %) 3 483K T AAAE A AL T T
2y R EE |, SRR T 0 FLIR , AT
ENHLAGES HL R 43510 80% , 100% F1 125% , 43 HIFTEN
PSR ISR AL R TR 20 185 AR 3R
TP TS, HRE - G 7 TR o 4% 1.5 ik 7 i AE
H ALY 2GR S R AR 2 A R, RS

Frili % . a—80%; b—100%; c—125%
AV NEIEs i SRR e SN R T G

50f
—=— 30%H R
40 - 100%%;%%
- —A— 125%F% 1
X
@ 30f
=
& 20f
= 7
& ol Z'L
op, ., , T
0 I 2 3 4 5 6 7 8
A/ d
(a)
—— 80%F% 1%
80F ——100%#5 1%
——125%FF %
§ 60f
L%E 407 f/q/p/g——u———i———l——’—_’
Bk ool iﬂ/g——!—’k"_!__q_!
0

0 1 2 3 45 6 7 8
i/ d
(®)

a— 1 R 2 s b— B R 2
I8 NI 3 R A2 S B2 2

F L7 FEL 8 AT, 5% HH R K, 3RTT A A 22 HE

G B AL AR DN B . SRR $E 3 h

B, 55 H R 80%, 100% F1 125% (1) 37 4 b MS 7 M B

5> 9N 47.38%, 19.49% F110.17%. 515

TN, B GE R , BB E R,



AR, 55 - TPU/B-M B I S 3D T E i 46 B 2 e il ik 5

JE D AE T @l ORL 3D 4T ERad A2, TPU X @il A
W% W rp it IR B ST BN, T S () B4R R 0.2
mm, 75 5 5 05 22 5 22 MERUS A b L FLIR
() RS RN 557 R m UIAH G . BRARET Hh 2
P LR T 245 4 8 A 52 W 5 R B T B AL
TSR — 3, 75 6 K5 BERIGH R REAI%, A3 H R
ANEN 1%, B HPR 5518 80%, 100%, 125% ) 37 42
2597 2 Bt R 53 0 o 67.76%, 38.07% I
26.08%.
2.4 AERHG ARG BGUBESATA

R T HE— 2B E ST BN X 24 ) R
0 ZFUR A (R0, I VTN AN ] S 42 00 25 ) B ik
HOR P SE 5 E 3D $TEIHLAYBF R 110% A
A FTER O LI SZ 22 74 Hoh 1AM 2s k2 L 6
AFATEEZY, 20 d 2RSS S UNE 9 i o

15¢
< o
i
=
¥ 5l
jung
lccy
07\ L L L L L L L L L L
0 2 4 6 8 1012 14 16 18 20
IfA]/ d
(a)
300
°
~ 20,
utz]
=
B
T 10-
Bk
() L L L L L L L L L L L
0 2 4 6 8 10 12 14 16 18 20
A ]/ d
(b)

a—5 FLBC NS s b— B TR 2%
O HEZ AR

FH T R, S 48 v B -5 A s 1) R s 23 S
RIPUG M2 a3, 3 h PR B R 13.85%, 8 )5
T R 5 25 1 K3 BT R R ik ) T 20.79%,
d T 20 KEBEITR AY 65.42%; 55 4 KITHA 25 MRk
HET-22 , B H B E N 0.85%; 1] 20 K, 43 H ¢
LR E] 0.14% R THREICEIA 3 31.78% , FHK %
TIE T 4 R % 1 2R 2 IR 24 ) R ok 23R R SR RRURE T

=)

Ho

Z5 LRIk, 3D ITENUH SCR BB R B R

SCARFR AT Y AL R A, 55 1R AR, 2w

AL RS OR, BT 39 24 W B e A e, 12 eI ]

L AH BRURECR: AN 58 e TAUE SRR AL

EARAECE B — AP B R R R R SRR

BT, 75 X HT BB 3R 25 W 2R I S R it

— BRI A RESE

3 Hig

()R L HE(R C18 235 (4.6 mm=250 mm, 5

wm), JiE B A 27K (5 0.1% BE1R)(93:7), i

1.0 mL/min, £ 25 °C, Kl % K 210 nm 26 4F T

MEAR IR BObR T 2R e PE5C 2R RAF, A I Ui 4024

SCH R B-MEA I BRI R

OTEFTERBE AR SR AF T, AR T AL
BB 2, 25 W) A RO A0 R, RBURE i i
i AERTH PR R LR

(3) AR ML , BRI 3D TENAY BT IR 3,
SRR AL BRSSO BCR BN, 25 W) R i R
S, SRR R

& % X

[1] AL, H 0, RO, 55 VB SR ATE E A T RYAITE
PR, T AT, 2022, 19(27):171-175.

Li Shouzhuo, Lei Yujie, Zhao Guanggiang, et al. New progress of
tracheal stent implantation in airway stenosis[J]. Medical Innova-
tion of China, 2022, 19(27):171-175.

[2] E55, KRR, S SO AR T M SGE DA BTk i

[9]. A AT 223, 2015, 24(2):172-176.
Wang Yong, Zhu Haidong, Guo Jinhe. Tracheal stent implantation
for the treatment of malignant airway obstruction: Recent progress
in research[J]. Journal of Interventional Radiology, 2015, 24(2):
172-176.

[3] Hai Z,Jun Z,Kan Z,et al. A narrative review of new research prog-
ress regarding the use of airway stents in benign airway stenosis[J].
Expert Review of Respiratory Medicine, 2022, 16(6):651-659.

[4] SRV, SRIR S, B, 4F PRI R AR R S AR S SRR Y
il A5 S PERBRIF SRR [T]. TARRSELR L 2021,49(3):161-165.
Zhang Xuntao, Zhang Zhaoxin, Huang Jiao, et al. Research prog-
ress on preparation and properties of thermoplastic polyurethane
thermal conductive nanocomposites[J]. Engineering Plastics Appli-
cation,2021,49(3):161-165.

[51 WUk, i, fIIR¥ , 55 . 3D FTEN R A JEARICIZRUN 1) TPU/PCL
EAMEWRFE[I]. TREEEN FH ,2021,49(9):77-81.

Zeng Jiao, Wang Yan, He Juntao, et al. Research on 3D printing
TPU/PCL composite material with shape memory effect[J]. Engi-
neering Plastics Application,2021,49(9):77-81.

[6] Jung SY,LeeSJ,KimHY,etal 3D printed polyurethane prosthe-

sis for partial tracheal reconstruction: A pilot animal study[J].



6 TAREEB RN 202355 51 4,45 3 1
Biofabrication, 2016, 8(4). DOI:10.1088/1758-5090/8/4/045015. 2020,36(18):2 861-2 868.
[7] 2o, 4, PGS, 48 Mk 2 2 450 < E S22 1515 3D [13] Pan Y, Wang W, Huang S, et al. Beta-elemene inhibits breast
FTER[I). TARYEEL T, 2021,49(2):55-60. cancer metastasis through blocking pyruvate kinase M2 dimeriza-
Li Rongrong, Pan Junan, Yang Fanwen, et al. Design and 3D print- tion and nuclear translocation[J]. Journal of Cellular and Molecu-
ing of personalized multi-layer airway stent[J]. Engineering Plas- lar Medicine,2019,23(10):6 846—6 858.
tics Application 2021,49(2):55-60. [14] JHE€, ZREGHE, SO0 45 B-HEAR AN 1P R R B MEf 52 1)
[8] A BRI BRI 55 DU BN I B LA AR M Wt g ik S S AE LT BFFE ). TP 24,2020,53(10):3 070-3 077.
E[J]' EEZS,2018,49(5):1 184-1 191. Zhou Qinfei, Gong Liyan, Bao Guanai, et al. Effect of B-elemene
Ma Jie,Chen Juan, Zhao Bingjie, et al. Advance in research on anti- on morphine tolerance in rats with bone cancer pain and its
cancer drug -elemene and its derivatives[J]. Chinese Traditional molecular mechanism[J]. Chinese Traditional and Herbal Drugs,
and Herbal Drugs,2018,49(5):1 184—1 191. 2020,53(10):3 070-3 077.
9] Hong L,Zeng Y, Yang D. Inhibitory effect of B-clemene on human
] Hone L Zene Y. vane  etiectof [1S] St FDERE M55 B TS SUMPATZU R FIL B 2501
airway granulation tissue in vivo and in vitro[J]. Respiration, 2016, S RAHITGI R, 25 BRSE 2022, 45(10):2 1332 137.
92(5):329-338. L B . .
Guo Jinmiao, Sun Yujiao, Fu Hui. Research progress on antitumor
[10] Yu X, Xu M, Li N, et al. B -elemene inhibits tumor-promoting
pharmacological mechanism and drug delivery system of B
effect of M2 macrophages in lung cancer[J]. Biochemical and
. ) o -elemene[J]. Drug Evaluation Research, 2022, 45(10): 2 133 —
Biophysical Research Communications, 2017,490(2):514-520.
2 137.
[11] Zhang H,Xu F, Xie T, et al. B-elemene induces glioma cell apop-
. . - o Co i, [16] A2 SR X P2 AT R 2N A 1 T B AL A PR R
tosis by downregulating survivin and its interaction with hepatitis
e L S S
B X-interacting protein[J]. Oncology Reports, 2012, 28(6):2 083— (D). #iM AR, 2016.
2090 Hong Lingling. To explore the elemene’s effects and mechanisms
[12] T UGHIE | 300, Y e 35, 4 | B - M 7 S 030 OB 85 K2 1 B on airway granulations and fibroblasts[D]. Fuzhou: Fujian
OVCAR3 4IIBJH T AR HEAE R[], v I R 25 B2 2 7 L 2020, Medical University,2016.
36(18):2 861-2 868. [17] Jesse X, Hui X O, Daniela T, et al. Paclitaxel-eluting silicone

Wang Zhengrong, Guo Jie, Fan Huanfang, et al. 3 -elemene
enhances paclitaxel-induced apoptosis of ovarian cancer cell

OVCAR3[J]. The Chinese Journal of Clinical Pharmacology,

airway stent for preventing granulation tissue growth and lung
cancer relapse in central airway pathologies[J]. Expert Opinion on

Drug Delivery,2020,17(11):1 631-1 645.



