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[Abstract] Objective: This study aimed to develop a biodegradable esophageal stent based on polycaprolactone (PCL) blended with
poly (lactic-co-glycolic acid) (PLGA) , achieving controllable degradation rates by adjusting the PLGA ratio (0%—35%) , balancing
mechanical properties and degradation cycles, and exploring its in vitro degradation characteristics and clinical adaptation potential.
Methods: PCL and PLGA were selected to prepare eight gradient blend ratios (0%, 5%, 10%, 15% 20% , 25% , 30%, 35% PLGA) by
extrusion-based high -temperature melt rotary 3D printing technology, combined with a honeycomb porous structure design (porosity
60%—70%). In vitro degradation experiments lasting 8 weeks were conducted using artificial saliva(pH=6.6) and artificial gastric juice
(pH=~4.0). Results: The PLGA ratio significantly affected the degradation rate, with increasing PLGA proportion accelerating stent
degradation. The blending of PLGA and PCL produced a synergistic effect (for every 10% increase in PLGA, the time to reach the same
weight loss rate was shortened by approximately 50%—70%) , leading to stage-wise disintegration phenomena(when PLGA=25%). The
pH difference had no significant impact on degradation (P > 0.05) , possibly due to the high-porosity design promoting diffusion of
acidic products and the hydrophobic balance of PCL. Through ratio adjustment, degradation cycles of 4-24 weeks could be achieved.

Conclusion: The PCL/PLGA blend stent achieves precise control of degradation rate through simple ratio adjustment, producing a
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unique “support-disintegration” mode that reduces residual risks and meets clinical needs ranging from congenital strictures to acute

inflammation. In addition, the combination of 3D printing technology with biomimetic morphology and porous structure design

significantly improves tissue conformity and anti-migration properties of the stent. This study provides theoretical basis and technical

support for personalized biodegradable esophageal stent therapy.

[Key words] degradable esophageal stent; polycaprolactone; poly (lactic-co-glycolic acid); degradation rate; 3D printing

BB R R R W WL AR R GE 0 » AT e
L SIEEAR EW) & DR AEELZ MR RIIR, 3
A IR HE L IR AN R ™ BOF RO (B
FLREEOM . ARG G R B R SR BAR e
I 22 AR RE IR, B IX B8 S R A7 AE L GUMH S 1 22 BB AL
R e M1 TR B Bk i, BLAE B o
RORAEN . R, 3T 47 R ] e & S 2R R L T
5 VS A B R A W AH 5 R B K )
B, O B # R o 2T 3 PR A R 5
77 1) s — & LU N ARER B w0 T RE, 0 DR
G e AR SRR )5 BRI R R
I PERE & 2 R0, H 3D FTENEOR C ] Tl &2
AR EERE VBRSBTS L MR AT . ARHIT AT
WU BT B 58P b 431 RER 2 N iR (polycapro-
lactone, PCL) A SE FLIR-F2 5 LRI R W [ poly (lactic-
co-glycolic acid) , PLGA 13 7R 3¢ 28 e Afd S 1 A4 M i
P2, TS U E T P A B SR H B

SR, R AT B SO e E RAROR
ME S FLAZ Lo 1) B2 — AT SR 2 G AT 52 300 S 8 B it ik
HREEEHLBERNREY . T —H &,
ASHIF FUAE AL 4 1] S A% B A, O L RE S AE A Y
TRFF 05 SCHE T AT B AR £ 8 SO PLGA AT PCL
23R 35 B A& 24 i BB B R (Food and Drug
Administration, FDA) L #E ] FH T A\ A4 (1) AT B A =1 73
T EE. PLGA B A FEPR, (B 22 R REAN 2, i
R, PLGA T2 H T ] B A & 8 SR R R 1HI
W 78 Lin ki) — RS G g U 4,
HRMRERECET PLCARZ, Z R RR
PR E R AR A AR R E W 3 AL, B
D RORE A MR A AT AE AL 230G A 5] I A AR
IEE PR SR . 12T FER W PLGA iR 2 7T A 0
PESCOR IR T AR A 20 R A, O R B R
FEBLEAEVRIT IT R . SR, Bk SC LR PR MR AL DR 7T
FER W) S, AR S SRR R (i
PCL/PLGA) v 38 3t L {51 1 7 S B0 B8 1f 1 B figk 1

[J Nanjing Med Univ,2026,46(06): 832-839]

. PCLIEMZENS H R WIVER 5, (B VE R fd = 1)
ATRERS M J A, B e Cg) 2 N a4
SAFLAETE N ) Z PP ST ARSI . (R, AN A%
FeBr T LR A 1 R LA R 47 ] P s R, A
[ipEINAl7 N

TR, 3D VAT ENERAE B HA TR b e
P BRI 77, Ree 8 T AR 3 s AR 0 e )7 2 3
WA, BERA R S AL RGN Ak, £
FLI LB (FLBR R 60%~T0%) ANMYAL i 20 L 7% A1
M, I RIS R AL A B gl 5. T
i, L1 = 2 ) B R A E AR A R (15%~309%0) 1,
WG E R LS — 5 M E AL,
5y % AW BRI R A 0% o AHE FURI AR A 3D 4T
EIEEA, T 5 CT 0l s il 05 A2 T 3 Claml . 11
N AN ] R = P DI E L) S S EA
[ i TR A A 1 3 E B § =3 ST 5% N
WUEA] DABE G i/ S 4R DL BC AN [R5, R 31 B
UF R TT R

I, AW 7038 i $% PCL/PLGA 3R Lk 1
(0%~35%) , 45 T B R 3 25/ 1 3D 4T EP 4
p N7 il e TR R V5 = = SO VR B
i 2 5 77 2 Ve, T A4 A P2 A S 3 56 I . w428
P, NI PR AL LR AR

1 #RFNTE

1.1 ##

CHEMEHE ] PCL(S> £ 80 kDa) 5 PLGA (3L
Fi% © ZBEIR=50:50, 77 T 100 kDa) , AHF 5 32 42
() 35 I8 HE ) 9 45 8 b PLGA #f i : 0% PLGA ( 46
PCL) . 5%PLGA. 10%PLGA. 15%PLGA.20% PLGA.
25%PLGA30%PLGA \35%PLGA
12 Fik
1.2.1 3D#THLE

BT R CTHE g =4 A, R H
A iREA 3D FT B AR GEF R ES R, 7£5



" 834 - R U S N N

Fao Lo
20266 A

RIBRIRE T HRAEM=KIEEZHERBIE . FTEHS
K WEWE T 120 °C, HL 15 kV, 3T B S mm/s.
8 FHIC b SR 4T ER 35 38 ik [F] — S B s R, 7 AR &6
M — 8.

1.22 RN ERER T

SBRRE S BT N LB W (simulated gas-
tric fluid, SGF) (pH=~4.0) 1 \ L ME#¥ Cartificial saliva,
AS) (pH=~6.6) 1, 1H iz 37 °C JR3%1EZH 220 v/min. FF
7 d B, BT RRE T, iR 8 N R S
REAR, RHALMERIAS 75 % 50 H7 (analysis of vari-
ance, ANOV A PEA B fife ok 28 72 5, 78 7 430 8 M bk
o SRR IR A T AT S A HE LB S A
AT B TR L
13 “%itgs*

T SR s A E AR HE 2 (x + )RR, A
FERECASA . Guit /o Hridad SPSS 27.0 ¥ 5¢ ik,
M AE R Na=0.05. AT SRR RAT A BE IR
(2B A B Bh A s, K 8 S0 & J7 22 53 M » AR
] (35 2.4.6.8 J&) N N K 3K, PLGA EL 51 A1 [ figt
T 2H 1) R 2, 43 A B ] 32 28084 2 1) 32 23008%
MHAZHAEN . 4958 BARHBE N, i3 — B 47 fi
BNy Mo AN, SR FH WU 2 7 22 4y B v Ak
PLGA LU 5 [ s 28 1 90 5 L B AR VB S B0t [ g 11
SO o BRI 2R 77 22 40 T Al PLGA LU 5 B A
B0} % i o 28 ) A S 5 e [ A2 HAEH . 24 ANOVA
WoR i 3 7 ), SR Tukey HSD 35 K 56 317 £
HILE. B THEAER/N, RS R ZE IR
B 3 L A5 i (™) AR SIZ o 222 S5 s B )

2 # R

2.1 3DATERRIRE AR

W R, 2 LS GRS N B fd 47 52
FLI 2 K L% 38 P o 35 20, 5 3 0@ AL B mT s 7K
A R BIE , DT SR B A R 1) R,
AT SR I FLBRZE N 60%~70% » 7] i R FH W
PR, EAARAME 10 mm, K JF 20 mm, 1 5R %
FLEEM LIS SR A UG A . AR 0RER T AT R
SERTERENE, W s R 2 FLES TS T T L Do UEBH
AT TR I HIFT BN T 2 R g A oE thifl) & BA = 500
A SNSRI B SR, R E SRR E iRt T
FOR AT VIR o
22 MfRRE LML X Z

FITAE S ZRAE 8 A PN 24 5 B 3 R 1 (R
2). HEEMETTZE ko M AR AT A sh A

B SHTEMRRE

Figure 1 3D-printed stents
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A: Weight loss of stents with different PLGA ratios after 8 weeks in SGF. B: Weight loss of stents with different PLGA ratios after 8 weeks in AS(n=5).
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Figure 2 Changes in weight loss rate of stents in degradation solutions with different pH values
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Table 1 Weight loss rate at each time point for stents with different PLGA ratios in SGF and AS  (%,x = 5)
PLGA ratio Enviroment Week 2 Week 4 Week 6 Week 8
0% SGF 0.55 £ 0.50 0.90 + 0.00 1.25+0.21 1.50 + 0.28
AS 0.90 £0.71 1.05 £ 0.50 1.05+0.21 1.70 £ 0.28
5% SGF 1.15 +£0.07 1.60 + 0.35 3.10 £ 0.42 5.60 + 1.27
AS 1.25+£0.07 1.35£0.07 1.65+0.21 2.70 £ 0.42
10% SGF 1.50 £ 0.42 2.95+2.83 5.05+£3.04 8.50 +3.54
AS 1.80 £ 0.28 2.85+0.07 4.20 £ 0.57 5.80+0.71
15% SGF 1.85 +0.07 3.40 £ 1.84 8.50 +4.10 14.05 £ 3.61
AS 3.00 £ 0.28 4.85 £0.50 12.15 £ 0.64 18.85 £0.21
20% SGF 2.35+0.78 4.45+0.28 12.05 £0.21 23.00 + 0.85
AS 2.90 +0.28 5.10+0.28 12.05 £ 0.35 19.35 £0.35
25% SGF 2.60 +0.71 6.50 £ 0.71 15.25 £0.50 25.90 + 1.70
AS 2.55+0.35 7.20 +1.98 16.55 +2.76 24.20 + 1.98
30% SGF 2.20+0.85 6.65 + 0.85 20.90 + 1.84 33.45+6.72
AS 2.80+0.14 7.55 + 0.64 17.95 + 1.34 25.60 + 1.41
35% SGF 2.90 +0.28 7.15+0.28 19.85 +3.32 35.95+0.71
AS 3.30 £ 0.28 8.30 £ 0.28 23.00 £ 0.14 33.35+3.89

Repeated measures ANOVA showed that the main effects of time and PLGA ratio, as well as their interaction, were highly significant(P < 0.001),

with extremely large effect sizes (partial n° > 0.95) (n=5).
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A: Before degradation : the stent surface remained intact, with con-
tinuous and smooth honeycomb-like pore walls, showing no obvious ero-
sion or fracture. B: After degradation: the stent exhibited stage-wise dis-
integration. The fracture surface showed a honeycomb-like porous struc-
ture, with collapsed pore walls and propagated microcracks, while no layer-

by-layer peeling was observed.
3 XIEREMERETE R R F EREEEKR(X50)

Figure 3 Scanning electron microscopy images of the stent

before and after degradation(x50)
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